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0

Waste Management Unit or Current Operable Unit ERA IRM LFI RA RI OPS Remarks

Unplanned Release

-Tanks and antls

216-2-8 Settling Tank 200-ZP-2 X X X Remove drainable liquids

241-Z-361 Settling Tank 200-ZP-1 X X X Remove drainable liquids

-(a)

Cris and Drains,

216-Z-1 & 216-Z-2 Cribs 200-ZP-1 X X X RARA - Surface Contamination (a)

216-Z-3 Crib 200-ZP-1 X X (a)

216-2-5 Crib 200-ZP-2 X X X
-- RARA - Cave-in Potential

216-Z-6 Crib 200-ZP-2 X X X

216-Z-7 Crib 200-ZP-2 X X X

216-Z-12 Crib 200-ZP-1 X X (a)

216-Z-16 Crib 200-ZP-2 X X

216-2-18 Crib 200-ZP-1 X X X Carbon Tetrachloride ERA Proposal Unit

(a)

216-Z-8 French Drain 200-ZP-2 X

216-Z-13 French Drain 200-ZP-1 X (a)

216-Z-14 French Drain 200-ZP-1 X (a)

216-2-15 French Drain 200-ZP-1 X (a)

216-Z-IA Tile Field 200-ZP-1 X X X RARA - Surface Contamination; Carbon
Tetrachloride ERA Proposal Unit (a)

9 2 1 P A 9 Z 3

Table ES-i. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 1 of 4)
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Table ES-I. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 2 of 4)

Waste Management Unit or Current Operable Unit BRA I RM LFI RA RI OPS Remarks
Unplanned Release

Reverse Well

216-Z-10 Reverse Well 200-ZP-2 x

- -_________ _______ --Ponds, Ditches, and Trenches

216-Z-4 Trench 200-ZP-2 X X

216-Z-9 Trench 200-ZP-2 X X X X Carbon Tetrachloride ERA Proposal UnitO

216-2-17 Trench 200-ZP-2 X X

SepticTanks and Associated-Drain Fields

2607-Z Septic Tank and Drain 200-ZP-2 X Active
Field

2607-Z-1 Septic Tank and Drain 200-ZP-2 X Active
Field

2607-WA Septic Tank and Drain 200-ZP-2 X Active
Field

2607-WB Septic Tank and Drain 200-ZP-2 X Active
Field

2607-W-S Septic Tank and Drain 200-ZP-2 X Active
Field

Transfer Facilities, Diversion Boxes, and Pipelines -- -

241-Z Diversion Box No. I 200-ZP-1 X X (a)

241-Z Diversion Box No. 2 200-ZP-1 X X (a)

231-Z-151 Sump 200-ZP-l X X (a)

Basins

241-Z Retention Basin 200-ZP-2 x

216-Z-21 Seepage Basin 200-ZP-2 X Active

C1

0

0

U,0

00
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Waste Management Unit or Current Operable Unit ERA IR LFI RA RI OPS Remarks

Unplanned Release

Burial Sites

218-W-1 200-ZP-3 X X

218-W-IA 200-ZP-3 X XX

218-W-2 200-ZP-3 X I x RARA - surface Contamination

218-W-3 200-ZP-3 X X X RARA - Surface C _ntamination

218-W-A 200-ZP-3 X X I RARA - surface Contamination

218-W-11 200-ZP-3 IC I

Z Plant Bum Pit 200-ZP-2 X Redefined to 200-ZP-3 Operable Unit

-- -- Unplanned Releases -

UN-200-W-11 200-ZP-3 x x

UPR-200-W-16 200-ZP-3 X X

UN-200-W-23 200-ZP-1 x (a)

UPR-200-W-26 200-ZP-3 X X

UN-200-W-44 200-ZP-3 X

UPR-200-W-53 200-ZP-3 x X

UPR-200-W-72 200-ZP-3 X X

UPR-200-W-84 200-ZP-3 X x

UN-200-W-89 200-ZP-1 X (a)

UN-200-W-90 200-ZP-1 x (a)

UN-200-W-91 200-ZP-1 X (a)

UN-200-W-103 200-ZP-1 X (a)

92| )0 3)9 )5

Table ES-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 3 of 4)
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Table ES-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 4 of 4)

Waste Management Unit or Current Operable Unit ERA IRM LFI RA RI OPS Remarks
Unplanned Release

UN-200-W-130 200-ZP-2 X X

UPR-200-W-134 200-ZP-3 X X

UPR-200-W-158 200-ZP-3 X X Only the portion of the release associated
with 218-W-1A Burial Ground.

UN-200-W-159 200-ZP-1 X (a)

Notes:

ERA Expedited Response Action
IRM Interim Remedial Measure
LFI Limited Field Investigation
RA Risk Assessment
RI Remedial Investigation; Feasibility study will be conducted if RA indicates remedial action necessary.
OPS Operational Programs
w Redefined to 200-ZP-2 Operable UnitCL w

0
0

00
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 1 of 4)

Final

Rem-
ERA Evaluation Path IRM Evaluation Path LFI Path edy

Waste Tech Opera- No
ManagemeatUnit Is An nology Adverse tionat Adverse Data
or Unplanned ERA Quan.- Concen- Avail- Cons.- Pro- High Data Conwe- Collect Ade-
Release Justified? Release? Pathway? ity? tration? able? quences? grams? Priority? Adequate? queaces? Data? quate?

Tank, an Vaults

216-Z-SSettling Y Y Y Y Y Y N N N -- N
Tark

241-Z-361Settling Y Y Y Y Y Y N N N 11
Tank _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Crib and Drain,

216-Z-1 & Y Y Y Y Y N Y Y N - Y
216-2-2 Cbs

216-2-3 Crib Y Y N - - - -N N - Y

216-Z-5 Crib Y Y y Y y Y N Y Y N - Y

216.Z-6 Crib Y Y Y Y Y Y N Y N' N - Y

216-2-7 Crib Y Y Y Y Y Y N Y Y N - Y

216-Z-12Crib Y Y N - - - - - N N - Y -

216-Z-16Crib y Y N - - - - - N' N - Y -

216.Z-18Crb Y Y Y. Y V Y N N N' N - Y -

216-2-S French Y Y N - - - - - N - - - N
Drain

216-Z-13 French Y N - - - - - - N - - - N
Drain

216-Z-14 French Y N - - - - - - N - - - N
Drain

216-Z-15 French Y N - - - - - - N - - - N
Drain

216-Z-1ATle Y Y y y Y y N N Y N - Y -

Field

m
U
0
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 2 of 4)

Findl
Rem-

ERA Evadoetion Path IRM Evahation Path LFI Path edy

Waste Tech- Opens- No
Mana~gemcentUnit I. An netgy Ave, tionell Adverse Datm
or Unplanned ERA Qun.- Concer- Avail- Conc- Pro- High Data Conse- Collect Ade-
Release Justified? Release? Pathway? tity? traion? able? qseaces? grms? Priority? Adequate? quences? Data? quate?

-overs Well

216-Z-10Rcverm Y Y Y Y Y N -- Y N -N N
Well

- ____ Ponds, Ditchcs,.snd Tr-enches - --

216-Z-4 Trench Y Y N N,- - - - N - Y

216-Z-9Trnch Y Y Y y N N N Y

216-Z-17Trench Y N Y

- Septic Tanks and Associated Drain Fields

2607-ZSeptic Y N - - - - - N - - - N
Tank and Drain
Field

2607-Z-1Septic Y N - - - - - - N - - N
Tank and Drain
Field

2607-WASeptic Y N - - - - - N - - N
Tank and Drain
Field

2607-WBSeptic Y N -- - - - N - - - N
Tank and Drain
Field

260-W-8 Septic Y N - - - - - N - - - N
Tank and Drain

Field

Transfer Facilities, Diversion Boxes, and Pipelinc*

241-Z Diversion Y N N'- - - - NY N -

Box No. W

Ca

0

00
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 3 of 4)

Fnal
Rem-

ERA Evaluation Path IRM Evaluation Path LF Path ndy

Waste Tech- Opera- No
ManagementUnit Is An nology Adverse lional Adverse Data
or Unplanned ERA Quan- Conoen- Avail- Conae- Pro- High Data Coast- Collect Ade-
Release Justified? Release? Pathway? tity? tration? able? quenc.? grams? Priority? Adequate? quences? Data? quate?

241-Z Diverion Y N - - - - - - N" N - y -
Box No. 2

231-Z-151Sump Y Y N - - - - - N" N - y I .

- - - - Basins -- -

241-Z Retention Y N - - -N
Basin

216-Z-21 Seepage Y N N -

___________d. uiaSime.

218-W-1 Y Y N -- N' N - y

218-W-1A Y Y N - - - - N - - N

218-W-2 y y y Y Y Y N Y Y N - y

218-W-3 Y Y N - - - - N" N - y

218-W-4A Y Y y Y Y Y N Y Y N - y

218-W-11 Y y N - - - - - N - - - N

BumPit Y Y N - - - - - N - - - N

- ._______ ________Unplanned Release-

UN-200-W-11 Y Y N - - N N

UPR-200-W-16 Y Y N - - - - - N - - - N

UN-200-W-23 Y y N - - - - - N - N

UPR-200-W-26 Y Y N - - - - - N - - - N

UN-200-W-44 Y Y N . - - - - N - N

mcn
'A
I'-)
C-)
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00
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Table ES-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 4 of 4)

Final
Rem-

ERA Evaluation Path iRM Evauation Path L Pad, edy

Waste Tech- Opera- No

ManegementUnit 1. An nology Adverse tional Adverse Data

or Unplanned ERA Qtan- Concea- Avail- Con.- Pro- High Dat, Conse- Collect Ade-

Relemse Jute? Rele? Paty? thy? ontion? ale qumee? gants? Priority? Adequat? quencs? Data quate?

UPR-200-W-53 Y Y N N - N

UPR-200-W-72 Y Y N - N Y

UPR-200-W-84 Y Y N - N Y

UN-200-W-89 Y Y N - - - N - - - N

UN-200-W-90 Y Y N . - N - - -N

UN-200-W-91 Y Y N - - - N - - - N

_UN-200-W-103 Y Y N - N N

UN-200-W-130 Y Y N - - - - - N - - - N

UPR-200-W-134 Y Y N . - - - - N - y

UPR-200-W-158 Y Y N - - - - - N - - - N

(1)

UN-200-W-159 Y Y N - - - - - N - - - Y

Y Yes
N No
- Indicates decision point not reached.

l Evaluated as high priority site because of proximity and/or similarity to other high priority sites.

(1) Only the part of unplanned release UPR-200-W-158 associated with the 218-W-1A Burial Ground.

S0
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1 1.0 INTRODUCTION
2
3
4TEashintnte is Organzed5 Th*n mrallytdeign a s 2 , ,
6 The U.S. Environmental Protection Agency (EPA), in November
7 1989, included the 200 Areas of the Hanford Site on the National Priorities List (NFL) under
8 the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) of
9 1980. Inclusion on the NPL initiates the Remedial Investigation (RI) and Feasibility Study

10 (FS) process for characterizing the nature and extent of contamination, assessing risks to
11 human health and the environment, and selection of remedial actions.
12
13 This report presents the results of an aggregate area management study (AAMS) for the
14 Z Plant Aggregate Area located in the 200 Areas of the U.S. Department of Energy (DOE)
15 Hanferd Site in Wahing tn Sat. The study will provide1 the basis for initiating RI/FS
16 under CERCLA or under the Resource Conservation and Recovery Act (RCRA) Facility
17 Investigations (RFI) and Corrective Measures Studies (CMS). This report also integrates
18 RCRA treatment, storagej or disposal (TSD) closure activities with CERCLA and RCRA
19 past practice investigations.
20
21 This chapter describes the overall AAMS approach for the 200 Areas, defines the
22 purpose, objectivesP and scope of the AAMS, and summarizes the quality assurance (QA)
23 program and contents of the report.
24
25
26 1.1 OVERVIEW
27

s's28 The H4anfor-d Site is organized into anum eally deigated operational areas-including
29 the 100, 200, 300, 4100, 600, and 1100 Arfeas (Figure 1) The 100, 200, 300, anid 110
30 Areas have been listed en the EPA's NFL. The 200 Areas, located near the center of the
31 Hanford Site, encompasses the 200 West, East! and North Areas which contain reactor fuel
32 processing and waste management facilities.
33
34 Under the Hanford Federal Facility Agreement and Consent Order (Tri-Party
35 Agreement), signed by the Washington State Department of Ecology (Ecology), DOE, and
36 EPA (Ecology et al. 1990), the 200 NPL Site eompasses h2 Aras dec
37 p is divided into 8 waste area groups largely
38 corresponding to the major processing plants (e.g., B Plant and T Plant), and a number of
39 isolated operable units located in the surrounding 600 Area. Each waste area group is
40 further subdivided into one or more operable units based on waste disposal information,
41 location, facility type, and other site characteristics. The 200 NFL s5ite includes a total of
42 44 operable units including 20 in the 200 East Area, 17 in the 200 West Area, 1 in the 200
43 North Area, and 6 isolated operable units. The intent of defining operable units was to
44 group associated waste management units together, sueh j| that they could be effectively
45 characterized and remediated under one work plan.
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1 The Tri-Party Agreement also defines approximately 25 RCRA TSD groups within the
2 200 Areas which will be closed or permitted (for operation or post6closure care) in
3 accordance with the Washington State Dangerous Waste Regulations (Was~gtn
4 iveCdtWAC) 173-303). The TSD facilities are often associated with an
5 operable unit and are required to be addressed concurrently with past- practice activities
6 under the Tri-Party Agreement.
7
8 This AAMS is one of ten studies that will provide the basis for past practice activities
9 for operable units in the 200 Areas. In addition, the AAMS will be collectively used in the

10 initial development of an area-wide groundwater model, and conduct of an initial site-wide
11 risk assessment. Recent changes to the Tri-Party Agreement (Ecology et al. 1991), and the
12 Hanford 4 Past-Practice Strategy document (Thempsen-1994 DER 92 establish the
13 need and provide the framework for conducting AAMS in the 200 Areas.

1f4
_5

16 1.1.1 Tri-Party Agreement
(717
,48 The Tri-Party Agreement was developed and signed by representatives from the EPA,

19 Ecology, and DOE in May 1989, revised in 1990 and 1991. The scope of the agreement
G10 covers all CERCLA past practice, RCRA past practice, and RCRA TSD activities on the
.21 Hanford Site. The purpose of the Tri-Party Agreement is to ensure that the environmental
22 impacts of past and present activities are investigated and appropriately remediated to protect

,23 human health and the environment. To accomplish this, the Tri-Party Agreement provides a
44 framework and schedule for developing, prioritizing, implementing and monitoring

25 appropriate response actions.
-26

.7 The 1991 revision to the Tri-Party Agreement requires that an aggregate area approach
28 be implemented in the 200 Areas based on the Hanford & Past-Practice Strategy M(E/

0-29 9 This strategy requires the conduct of AAMS which are similar in nature to an RI/FS
30 scoping study. The Tri-Party Agreement change package (Ecology et al. 1991) specifies that
31 10 Aggregate Area Management Study Reports (AAMSR) (major milestone M-27-00) are to
32 be prepared for the 200 Areas. Further definition of aggregate areas and the AAMS
33 approach is provided in Sections 1.2 and 1.3.
34
35
36 1.1.2 Hanford Site Past-Practice Investigation Strategy
37
38 The Hanford $ Past-Practice Strategy was developed between Ecology, EPA, and
39 DOE to streamline the existing RI/FS and RFI/CMS processes. A primary objective of this
40 strategy is to develop a process to meet the statutory requirements and integrate CERCLA
41 RI/PS and RCRA Past Practice RFI/CMS guidance into a singular process for the Hanford
42 Site that ensures protection of human health and welfare and the environment. The strategy
43 refines the existing past practice decision-making process as defined in the Tri-Party
44 Agreement. The fundamental principle of the strategy is a bias-for-action by optimizing the
45 use of existing data, integrating past practice with RCRA TSD closure investigations,
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1 focusing the RI/FS process, conducting interim remedial actions, and reaching early
2 decisions to initiate and complete cleanup projects on both operable-unit and aggregate-area
3 scale. The ultimate goal being j. the comprehensive cleanup or closure of all contaminated
4 areas at the Hanford Site at the earliest possible date in the most effective manner.
5
6 The process under this strategy is a continuum of activities whereby the effort is
7 defined based epon knowledge gained as work progresses. Whereas the strategy is intended
8 to streamline investigations and documentation to promote the use of interim actions to
9 accelerate cleanup, it is consistent with RI/FS and RFI/CMS processes. An important

10 element of this strategy is the application of the observational approach, in which
11 characterization data are collected concurrently with cleanup.
12
13 For the 200 Areas the first step in the strategy is the evaluation of existing information

n 14 presented in AAMSR. Based on this information, decisions will-e made regarding
15 which strategy path(s) to pursue for further actions in the aggregate area. The strategy
16 includes three paths for interim decision making and a final remedy-selection process that
17 incorporates the three paths and integrates sites not addressed in those paths. As shown on
18 Figure 1-2, the three paths for decision making are:
19
20 * Expedited response action (ERA) path, where an existing or near-term
21 unacceptable health or environmental risk from a site is determined or suspected,
22 and a rapid response is necessary to mitigate the problem
23
24 * Interim remedial measure (IRM) path, where existing data are sufficient to
25 indicate that the site poses a risk through one or more pathways and additional
26 investigations are not needed to screen the likely range of remedial alternatives
27 for interim actions; if a determination is made that an IRM is justified, the
28 process will proceeds to select an IRM remedy, and may-inekde a focused
29 Fal y(, if needed, to select a remedy
30
31 * Limited field investigation (LFI) path, where minimum site data are needed to
32 support IRM or other decisions, and e-e a obtained in a less formal manner
33 than that needed to support a final Record of Decision (ROD). It-may-be
34 determined that-ata generated from a LFI is ybe sufficient to directly
35 support an interim ROD. Regardless of the scope of the LFI, it is a part of the
36 RI process, and not a substitute for it.
37
38 The process of final remedy selection must be completed for the aggregate area to
39 reach closure. The aggregation of information obtained from LFI and interim actions may be
40 sufficient to perform the cumulative risk assessment and to define the final remedy for the
41 aggregate area or associated operable units. If the data are not sufficient, additional
42 investigations and studies will be performed to the extent necessary to support final remedy
43 selection. These investigations would be performed within the framework and process

* 44 defined for RI/FS or RFI/CMS programs.
45
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1 1.2 200 NPL SITE AGGREGATE AREA MANAGEMENT STUDY PROGRAM
2
3 The overall approach and scope of the 200 Areas AAMS program is based on the Tri-
4 Party Agreement and the Hanford Past-Practice Strategy.
5
6
7 1.2.1 Overall Approach
8
9 As defined in the 1991 revision to the Tri-Party Agreement, the AAMS program for

10 the 200 Areas consists of conducting a series of ten AAMS for eight source (Figures 1-3
11 aed 1-4, andJ-5) and two groundwater aggregate areas delineated in the 200 East, West, and
12 North Areas. Table 1-1 lists the aggregate areas, the type of study) and associated operable
13 units. With the exception of 200-IU-6, isolated operable units associated with the 200 NPL

7-14 s~ite (Figure 1-5) are not included in the AAMS program. Generally, the quantity of
15 existing information associated with isolated operable units is not considered sufficient to
16 require study on an aggregate area basis prior to work plan development. Operable unit 200-

rl'17 ItU-6 will-be addressed as part of the B Plant AAMS because of similarities in waste
1I8 management units (i.e., ponds).
19
~20 The eight source AAMS are designed to evaluate source terms on a plant-wide scale.

,21 Source AAMS will-be b conducted for the fellewing aggregate areas (waste area groups)
22 which largely correspond to the major processing plants including the following:
23

24 * U Plant
25

-26 * Z Plant
27
28 * S Plant

r29
30 * T Plant
31
32 * PUREX
33
34 B Plant
35
36 * Semi-Works
37
38 * 200 North.
39
40 The groundwater beneath the 200 Areas wille investigated under two groundwater
41 AAMS on an A&rea-wide scale (i.e., 200 West and 200 East Areas). Groundwater aggregate
42 areas were delineated to encompass the geography necessary to define and understand the
43 local hydrologic regime, and the distribution, migration, and interaction of contaminants
44 emanating from source termsl whieh-is Te dag considered an
45 appropriate scale for developing conceptual and numerical groundwater models.
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I The @X@! Department of Energy, Richland Gperatiees Y1 Office (DOE-RL) functions

2- as the "lead agency" for the 200 AAMS program. Depending on the specific AAMS, EPA

3 and/or Ecology function as the "Lead Regulatory Agency" (Table 1-1). Through periodic

4 (monthly) meetings information is transferred and regulators are informed of the progress of

5 the AAMS such that decisions established under the Hanford a Past-Practice Strategy

6 (e.g., is an ERA justified?) (Figure 1-2) can be quickly and collectively made between the

7 three parties. These meetings will continually refine the scope of AAMS as new information

8 is evaluated, decisions are made and actions taken. Completion milestone for AAMS are

9 defined in Ecology et al. (1991) and duplicated in Table 1-1. All AAMSR will-be 

10 submitted as secondary documents 1;-W a9E i TPe
11%, 1.1 MM

11 in bforationa doumentk
12
13
14 1.2.2 Process Overview
15
16 Each AAMS wil- be eendueted-in M4nQss f three steps: 1) the analysis of existing

17 data and formulation of a fre4iuay conceptual model, 2) identification of data needs and

18 evaluation of remedial technologies, and 3) conduct of limited field characterization activities

19 and :op:: pMop:at::.. e 2Ra1

20 effor2forwhic s produed.
21
22 The first and primary task of the AAMS investigation process involves the search,

23 compilation$i and evaluation of existing data. Information that-wil-be collected for these

24 purposes include the following:
25
26 * Facility and process descriptions and operational histories for waste sources

27
f%4 28 0 Waste disposal records defining dates of disposal, waste types, and waste

29 quantities
30
31 * Sampling events of waste effluents and egffected media

32
33 * Site conditions including the site physiography, geology, hydrology, meteorology,

34 ecology, demography, and archaeology
35
36 * Environmental monitoring data for affected media including air, surface water,

37 sediment, soil, groundwaterd and biota4
38
39 Collectively this information will-be 9 used to identify contaminants of concern,

40 determine the scope of future characterization efforts, and to develop a Mi ary

41 conceptual model of the aggregate area. Although data collection objectives are similar, the

42 types of information collected will depend on whether the study is a source or groundwater

43 AAMS. The data collection step serves to avoid duplication of previous efforts and

44 facilitates a more focused investigation by the identification of data gaps.

45
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1 Topical reports referred to as Technical Baseline Reports wil-be #§ initially prepared
2 to summarize facility information. These reports will describe individual waste management
3 units and unplanned releases contained in the aggregate area as identified in the Waste
4 Information Data System (WIDS) (WHC 1991a). The reports are based on review of current
5 and historical Hanford Site reports, engineering drawings and photographs and is
6 supplemented with site inspections and employee interviews. Information contained in the
7 reports will-be summarized in the AAMSR. Generally, ether topical roperts will
8 generated for cnvironmcntnl monitcring or sampling daa which have not beon proeviously
9 comfpiled or summar~fized, or whefn oxisting roports arc outdated or iadequa. epfropfdp

10 R
11
12 "
13

I4
15

-16
('717

18 *tX &NWt
19

20 rZ epbgi& a ' cD~a14
21

-23
24p
.5

-26
27
18

C329
30
31
32 AtCOdffi iA~~ M ~I~bT Dda cabl6 of h2o Yr
34
35 .4

36
37

40
41
42
43 MINn
44
45 t"1 E,16T4ChbM

1-6



DOE/RL-91-58
Draft B

1 Th eea scop o~ &the toia repot reaedt thsAM$Ris described~ in Sctqo
2
3
4 Information on waste sources, pathways, and receptors willbe n used to develop a
5 p0eimfnar conceptual model of the aggregate area. lntliy
6 s a rsportpathways are td. If the conceptual
7 understanding of the site is considered inadequate, limited field characterization activities can

8 be undertaken as part of the study. Field seeening h r activities plamed-undef

9 occurrmg ipaalltwtfiihan asprt the AAMS include the following:
10
11 * Expanded groundwater monitoring programs (non Contract Laboratory Program
12 UL) at approximately 80 select existing wells to identify contaminants of

13 concern and refine groundwater plume maps
14
15 * In situ assaying of gamma-emitting radionuclides at approximately 10 selected

16 existing boreholes per aggregate area to develop radioelement concentration

17 profiles in the vadose zone.
18
19 Wells, boreholes, and analytes will-be f selected based on a review of existing
20 environmental data which will-be undertaken early in the AAMS process. Field

21 characterization results will be presented DR in the AAMSR and/or topical reports.
22
23 After the preIimsnary conceptual model is developed, heil iand envnronme a4
24 a p-r, mx sA t i n

~" 25 deemnn eomnain an roritzatiOn for~ subsequn 4 insa at m4y~nanagetnt

- 26 ge premieery. ~ ji applicable or relevant and appropriate requirements (ARARs),
27 and potential remedial technologies will-be £identified. In cases where the existing

CM 28 information is sufficient, the Hanford Past-Practice Strategy allows for a feeused RFS or
29 CMS to be initiated prior to the completion of the study.
30
31 Data needs will-be identified by evaluating the sufficiency of existing data and by
32 determining what additional data are necessary to adequately characterize the aggregate area,

33 refine the preim4Wary concepwual model and pbtet~ial ARARs, and/or narrow the range of
34 remedial alternatives. Determinations will-be are made regarding the level of uncertainty
35 associated with existing data and the need to verify or supplement the data. If additional data
36 are needed, the intended data uses will-be identified, data quality objectives established!
37 and data priorities set.
38
39 Each AAMSg will result) in management recommendations for the aggregate area
40 including the following:
41
42 C The need for ERA, IRM, and LfI trhe e stud

43a44
45 e Definition and prioritization of operable units
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1 * Prioritization of work plan activities
2
3 * Integration of RCRA TSD closure activities
4
5 * The conduct of field characterization activities
6
7 * The need for treatability studies7

8
9 idt ca ow s mntiuts addressed ea under sther

10 prtnaprgai
11
12 The 6ate mangem $nt n em nded Thr ERA11RM, or L'a ,uns afr

.W'MN ~ ~ ~~.~ yP"Wwffi' (i..§vp .W W.% 'M .....
3id I pr y pre a, rsponse.y waste

r14 maaeet*&2its w i nealwtbnow the 4ovenUonprcsfQ $i V. n pit. ft
15 ditnto ntepirt fstsR/Sactiviues wil bqe cnute o alte a

-16 WanaPmen Qnit inth case o thea h&bei rdy wasttxaa entm unts~ yp o esnse
17 pertios il e floed byconvenuona RUfIS ac~tvae, Mhogb &h4tMacVi( ma h17 tj~,_ ~iyb

1>8 moiidbea f nweg tnd troh the remedatxo actxvflteb .n the. case of the

20 ggyg g
21

-22 Based on the AAMSR, a decision is made on whether the study has provided sufficient
2 3 information to forego further field investigations and prepare a FS. i-further-field
24 invostigati:ns a:. rfuirod, a RI/FS work plan (ws ay b m d L s
25 wiY developed and executed. The scopo of futur w: " ': 1~ol li:o t
26 that a sampling and analysis plan. The background information normally required to
27 support the preparation of a work plan (e.g., site description, conceptual model, data quality

48 objectives, etc.) is developed in the AAMSR and can ': referened aordingly. T t
29

31 devlp hysical~ siemdes the data~ allw. n ~SAmecaises tere may b nufcetdt

31 ~w s

32 tg, sdpor nyfuther analysxsta i rvie tthe AAMR, sYn adde .leveilsufwAdetit

33 kfeasib.
34
35 All ten AAMS are scheduled to be completed by September 1992. This will facilitate a
36 coordinated approach to prioritizing and implementing future past practice activities for the
37 entire 200 Areas.
38
39
40 1.3 PURPOSE, SCOPE, AND OBJECTIVES
41
42 The purpose of conducting an AAMS is to compile and evaluate the existing body of
43 knowledge and conduct limited field characterization work to support the Hanford [4 Past
44 Practice Strategy decision-making process for an aggregate area. The AAMS process is
45 similar in nature to the RI/FS scoping process prior to work plan development and is
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1 intended to maximize the use of existing data to allow a more limited and focused RI/FS.

2 Deliverables for an AAMS consist of the AAMSR and health and safety, project

3 management, and data mfanagoment planfs 1UMatio Mw
4
5 Specific objectives of the AAMS include the following:
6
7 * Assemble and interpret existing data including operational and environmental data

8
9 * Describe site conditions

10
11 * Conduct limited new site characterization work if data or interpretation

12 uncertainty could be reduced by the work (sworkma

13 iltbincluded sa
14
15 * Develop a ? Lii. conceptual model

16
17 * Identify contaminants of concern, and their distribution

IS
19 * Identify pre4iminfty pten4 ARARs
20
21 0 Define preliminary remedial action objectives, screen potential remedial

22 technologies, and if possibleI provide recommendations for feetsed FFS

23
24 * Recommend treatability studies to support the evaluation of remedial action

25 alternatives
26
27 * Define data needs, establish r data quality-ejeetives s and set data

28 priorities
29
30 * Provide recommendations for .;p;editzd, interif or lifnitd 1ERAtNMkLI, px
31 K actions
32
33 * Re Wfine and prioritize ,4d operable unit boundaries

34
35 * Define and prioritize; d work plan and other past practice activities

36 with emphasis on supporting early cleanup actions and records of decisions

37
38 0 Integrate RCRA TSD closure activities with past practice activities.

39
40 n rml k 'ifi P pesenteda 3, Aei 2 .0 a 4.0

41 .f..lcted A . ThU AAMSR is vinffndtodds i nth
42 tans. Noetieles heaninrmunis presentdbau kwnnduset rlas

42 M <~> ~ ~
43 rmttaks may infuenct interpretaton of cdntaminalon data at ntafbyWaste
44 managpmnup sIfrmlno te aclte n ulig sas reetdfrti
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1 same reas6n. However because these structurs ar addressedby dtber progrms, the
2 AAkMS detot n ud reomedtiOns. >o ue actiOnPatKThe'SestrutfrC.
3
4 Depending on whether an aggregate area is a source or groundwater aggregate area, the

5 scope of the AAMS will va4 y. Source AAMSs focus on source terms, and the

6 environmental media of interest include air, biota, surface water, surface soil, and the

7 unsaturated subsurface soil. Accordingly, detailed descriptions of facilities and operational

8 information are provided in the source AAMSR. In contrast, groundwater AAMSs focus on

9 the saturated subsurface and on groundwater contamination data. Descriptions of facilities in

10 the groundwater AAMSg are limited to liquid disposal facilities and reference is made to

11 source AAMS1 for detailed descriptions. The descriptions of site conditions in the source

12 AAMSR concentrate on site physiography, meteorology, surface water hydrology, vadose

13 zone geology, ecology, and demography. Groundwater AAMSRs summarize regional

r, 4  geohydrologic conditions and contain detailed information regarding the local geohydrology
15 on an Area-wide scale. Correspondingly, other sections of the AAMSR vary depending on

<16 the environmental media of concern.
17
18

f-19 1.4 QUALITY ASSURANCE
20

t 21 A limited amount of field characterization work will-be i. performed es-pa l in parallel

2T I n of the AAMS. To help ensure that data collected are of sufficient quality

to support decisions, all work on the Haford Sito is subjoot to the roguiromonts of DOE
24 Ordor 5700. -A, Quality Azzuranoc (DE/RLP 1933), which; ctablishoz broadly apial

-25 QA programn requirements in zomplianco with Arnoriocdn National tandards
26 Inztituitz/'Amodoan Soojoty of Mecha-nical Engineers QA-gutidolinos (ANSI/ASM E 1939; h

--2 QA program roquiromoents so defined apply to all tyTcs of-projoot ntivitiop conduotod on the

8 Hanferd-Site.
29

,"to ~ To ensure that the bjootivca of the past prfactizo aciNvities arc moet in a mfannot

31 oaistzrt with DOE RL Ordor 5700.A (DOE/IL 1983), Qu Assurano, all work will

32 be performed in compliance with Qi1-6y< AssranC p, O Ode -5700. 6 C (DOE <991)as

33 Westinghouse Hanford's existing QA manual- WHC-CM-4-2 (WHC 1988a), and with

34 procedures outlined in the QA program plan7 WHC-EP-0383 (WHC 1990a)t specific to

35 CERCLA RI/FS activities. This QA program plan describes the various plans, procedures,
36 and instructions that will be used by Westinghouse Hanford to implement the 0S
37 requirements ef DOE -Grder-5700 A. adhPA g erdere h.the
38 USEA~ C6nfratLabdrtrPor amSatmni<F wro rk fr ZrgancAnayts (ElA4j988a)

39 wl lob olwd
40
41
42 1.5 ORGANIZATION OF REPORT
43

44 In addition to this introduction, the AAMSR will consiso of the following nine sections

45 and appendices:
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1 * Section 2.0, Facility, Process. and Operational History Descriptions, describes

2 the majoffacilities, waste management units and unplanned releases within the

3 aggregate area. A chronology of waste disposal activities is established and waste

4 generating processes are summarized.
5
6 * Section 3.0, Site Conditions, describes the physical, environmental, and
7 sociological setting. including, geology, hydrology, ecology, meteorology, and
8 demography.
9

10 * Section 4.0, Preliminary Conceptual Model, summarizes the conceptual
11 understanding of the aggregate area with respect to types and extent of

12 contamination, exposure pathways and receptors.
13
14 * Section 5.0, Health and Environmental Concerns, identifies chemicals used or

15 disposed "$ within the aggregate area that could be of concern regarding public

16 health and/or the environment .d...b .d sereenidg prdces-for
17 Muerising . terelyv y aiech w e 'mWngjm.i
18

n 19
20 * Section 6.0, Potentially Applicable or Relevant and Appropriate Requirements,
21 identifies federal and state standards, requirements, criteria, or limitations that

22 may be considered relevant to the aggregate area.
23
24 * Section 7.0, Preliminary Remedial Action Technologies, identifies and screens

25 potential remedial technologies and establishes remedial action objectives for

26 environmental media.
27
28 * Section 8.0, Data Quality Objectives, reviews QA criteria on existing data,
29 identifies data gaps or deficiencies, and identifies broad data needs for field

30 characterization and risk assessment. Data quality objectives and data priorities

31 are established.
32
33 * Section 9.0, Recommendations, provides guidance for future past practice

34 activities based on the results of the AAMS. Recommendations are provided for

35 ERA at problem sites, IRM, LFI, refining operable unit boundaries, prioritizing
36 work plans, and conducting field investigations and treatability studies.
37
38 * Section 10.0, References, list reports and documents cited in the AAMSR.
39
40 * Appendix A, Supplemental Data, provides supplemental data supporting the

41 AAMSR.
42
43 The following plans are included and will be used to support past practice activities in

* 44 the aggregate area:
45
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1 e Appendix B: Health and Safety Plan
2
3 * Appendix C: Project Management Plan
4
5 * Appendix D: Data igffl Md Management Plen
6
7 Community relations requirements for the Z Plant Aggregate Area can be found in the

8 Community Relations Plan for the Hanford Federal Facility Agreement and Consent Order

9 (Ecology et al. 1989).
10
11
12 SEC-1.fr

Ih

1-12



DOE/RL-91-58

Draft B

Washsgton
'tat,

2q 

Wesin 
tA 

20EstA.

HSeattle 

SpokSan

Boundary d

Portland

-- stlighway24

OR A r.. 100 H .
l- '100 N Ar..

1w0 B/c ra Area .

71 Aeas

N

KZ

600 Area
Fg200 North Area H

nway 24ROut*11A

2 0krr W e s t A re a 2 0 0 E a s A re a '~

Barricade L

.S Ecclogy WashingTan
"Ynr L, Wye Public

Sarrica power

B undary 600 Area syste

-L.C'1---300 Area

0 5 Miles Aro
-3000 Area

5 5Kilometers

Richland y7W Area

Nq10603.3a
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Hanford Past Practice RI/FS (RFI/CMS) Process
The process is defined as a combination of Interim cleanup actions (Involving concurrentcharacterization), field Investigations for final remedy selection where Interim actions arenot clearly justified, and feasibillity/irealaility studies.
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Figure 1-2. Hanford Site Past-Practice Strategy Flow Chart.
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Table 1-1. Overall Aggregate Area Management Study (AAMS)
Schedule for the 200 NPL Site.

Operable Lead Regulatory M-27-00
AAMS Title Units AAMS Type Agency Interim Milestones

U Plant 200-UP-1 Source Ecology M-27-02, January 1992
200-UP-2
200-UP-3

Z Plant 200-ZP-1 Source EPA M-27-03, February 1992
200-ZP-2
200-ZP-3

S Plant 200-RO-1 Source Ecology M-27-04, March 1992
200-RO-2
200-RO-3
200-RO-4

T Plant 200-TP-1 Source EPA M-27-05, April 1992
200-TP-2
200-TP-3
200-TP-4
200-TP-5
200-TP-6
200-SS-2

PUREX 200-PO-1 Source Ecology M-27-06, May 1992
200-PO-2
200-PO-3
200-PO-4
200-PO-5
200-PO-6

B Plant 200-BP-1 Source EPA M-27-07, June 1992
200-BP-2
200-BP-3
200-BP-4
200-BP-5
200-BP-6
200-BP-7
200-BP-8
200-BP-9
200-BP-10
200-BP-11
200-IU-6
200-SS-1

Semi-Works 200-SO-1 Source Ecology M-27-08, July 1992

200 North 200-NO-1 Source EPA M-27-09, August 1992

200 West NA Groundwater EPA/Ecology M-27-10, September 1992

200 East NA Groundwater EPA/Ecology M-27-11, September 1992

1T-1
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1 2.0 FACILITY, PROCESS, AND OPERATIONAL HISTORY DESCRIPTIONS
2
3
4 Section 2.0 of the aggregate area management study (AAMS) presents historical data
5 on the Z Plant Aggregate Area and detailed physical descriptions of the individual waste
6 management units and unplanned releases. These descriptions include historical data on
7 waste sources and disposal practices and are based on a review of current and historical
8 Hanford Site reports, engineering drawings, site inspections, and employee interviews.
9 Section 3.0 describes the environmental setting of the waste management units. The waste

10 types and volumes are qualitatively and quantitatively assessed at each site sV
11 in Section 4.0. Data from these three sections are used to identify contaminants of
12 concern (Section 5.0), potential applicable or relevant and appropriate requirements (ARARs)
13 (Section 6.0). and current data gaps (Section 8.0).
14
15 This section describes the location of the Z Plant Aggregate Area (Section 2.1),

a 16 summarizes the history of operations (Section 2.2), describes the facilities, buildings, and
17 structures of the Z Plant Aggregate Area (Section 2.3), and describes Z Plant Aggregate
18 Area waste generating processes (Section 2.4). Section 2.5 discusses interactions with other
19 aggregate areas or operable units. Sections 2.6 and 2.7 discuss interactions with the
20 Roscurco Ccnszrnation Rcccver Act (RCRA) program and other Hanford programs.
21
22
23 2.1 LOCATION
24
25 The Hanford Site, operated by the DOE, occupies about 1,450 km2 (560 mi 2) of the
26 southeastern part of Washington State north of the confluence of the Yakima and Columbia
27 Rivers (Figure 1-1). The 200 West Area is a controlled area of approximately 8.3 km 2 (3.2
28 mi2) near the middle of the Hanford Site. The 200 West Area is about 8 km (5 mi) from the
29 Columbia River and 11 km (6.8 mi) from the nearest Hanford boundary. There are 48 42
30 operable units grouped into four aggregate areas in the 200 West Area (Figure 1-4). The Z
31 Plant Aggregate Area (consisting of operable units 200-ZP-1, 200-ZP-2, and 200-ZP-3) lies
32 in the northwest corner of the 200 West Area of the Hanford Site (Figure 1-4). a.
33 shwsteA .......... y IN ..... V: ...a.. Wgrgt ra h eiapiglctosare
34dpicted Pate i.
35
36 Loceations of -2 -2 through -2 4 and 2 7 through -2 12 unplanned releases Bro Shown on
37 Figuroe 2 13. Tho location of the buildings anid waste management units afc shown on
38 Figuros. Plato I shows the topography of the Z Plant Aggrogate Area. The moidia samfplintg
39 locations ace depictod on Plate 2.
40
41
42 2.2 HISTORY OF OPERATIONS
43
44 The Hanford Site, established in 1943, was originally designed, built, and operated to
45 produce plutonium for nuclear weapons using production reactors and chemical reprocessing

* 46 plants (DBER11988). In March 1943, construction began on three reactor facilities (BD,
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1 nd Rat 9r) and three chemical processing facilities (,,n P#ns). After World
2 War II, fie s, more reactors were built (HDk, , Kd itacrs. Beginning
3 in the 1950s, wast mranagmnent, energy research and development, isotope use, and other
4 activities were added to the Hanford operation. In early 1964, a presidential decision was
5 made to begin shut down of the reactors. Seven iI of the reactors were shut down by
6 1971 (OE#RL-9S8). The N Reactor operated in steara production rod from about 1971
7 to 1980 fcr elocticity production, in weapens grade mnatefda production moede froma 1980 to
8 thog 1987; and was placed on cold standby status in October 1989, and was retired in
9 4991. Westinghouse Hanford Company (Wcstinghouse Hanford) was notified September 20,

10 1991, that they should cease preservation and proceed with activities leading to a decision on
11 ultimate decommissioning of the reactor. These activities are scoped within the N Reactor
12 shutdown program which is scheduled to be completed in 1999.
13
14 Operations in the 200 Areas (West and East) are mainly related to
15 nuclear fuel , s i t af Spent nuclear fuel is fuel that-has been

7 16 withdrawn from a nuclear reactor following irradiation. The 200 West Area consists of four
17 main processing areas (Figure 1-4):
18

N 19 * S Plant (REDGX) and T Plant, where initial processing to separate uranium and

20 plutonium from irradiated fuel rods took place-
21
22 * U Plant, where uranium recovery operations took place-
23
24 * Z Plant, where plutonium conversion and scrap recovery took place.
25
26 The 200 Areas also contain nonradioactive support facilities, including transportation
27 maintenance buildings, service stations, and coal-fired powerhouses for process steam
28 production, steam transmission lines, raw water treatment plants, water-storage tanks,
29 electrical maintenance facilities, and subsurface sewage disposal systems fDGEIRL-1988).
30

C ' 31 Construction of the nuclcar feactorn in the 100 Arcas began in 1913. Irradiated fuel
32 rods from the 100 Areas were shipped to separations facilities in the 200 Areas for initial
33 processing to separate plutonium and uranium. Between 1945 and 1949, the |40 output
34 of this process, a plutonium nitrate solution, was concentrated into a plutonium nitrate paste
35 in Z Plant before being shipped to Los Alamos for refinement into metallic plutonium.
36 Beginning in 1949, plutonium finishing was conducted at the Z Plant Aggregate Area.
37
38 The major processes conducted in the Z Plant Aggregate Area included producing
39 metallic plutonium, and recovering plutonium and americium from plutonium scrap solutions.
40 A Z Plant Aggregate Area peeess timeline is schematically illustrated on Figure 2-1.
41
42 The Plutonium Isolation Facility operated within the Z Plant Aggregate Area from
43 approximately 1945 to 1949 .n the 23i-Z Buldiig. The primary Z Plant Aggregate Area
44 facility is the 234-5Z Building. This building housed the Plutonium Finishing Plant (PFP)
45 and operated continuously from 1949 to 1973 and intermittently between 1985 and 1988.
46

2-2
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WM 1
2
3
4
5
6
7
8
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11
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14
15
16
17
18
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20
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46

Beginning in 1955, additional process equipment was installed at the Z Plant Aggregate
Area to recover plutonium from PFP liquid waste streams. Two separate types of plutonium
separation operations occurred within the Z Plant Aggregate Area. They included
RECUPLEX and the Plutonium Reclamation Facility (PRF). The RECUPLEX plutonium
recovery process operated inside the 234-5Z Building from 1955 to 1962, at which time it
was terminated after a criticality event (uncontrolled nuclear reaction within the PFP). In
1964, a replacement scrap solution recovery facility, the Plutonium Roolamation Facilit
(PRF), was brought on line in the 236-Z Building. The PRF operated from 1964 to 1979
and from 1984 to 1987. The PRF was scheduled to reactivate in 1991.

An additional Z Plant Aggregate Area recovery process operated in the 242-Z Building
between 1964 and 1976 to recover americium from the PFP waste stream. The americium
recovery process was shut down in 1976 after an explosion occurred in one of the recovery
units. Norlaet h amint env iff~iinetasaeslt of th exploion wsrPorLtedi he

Operations of the PEP Remote Mechanical C (RMC) line and the PRF are currently
suspended. Pending completion of the PRF readiness review and regulatory approval of the
PFP Wastewater Sampling and Analysis Plan, operation of the PRF will resume to tabilize
3:=sap:: p ::ia : nuco .:mat:ia soluion Prcspuonmsluinnwed nsrgenth

p. These solutions will then be processed through the RMC line to produce stable
Plutonium Oxide for long-term storage. Future operations at PEP will be evaluated via
National Environmental Policy Act documentation to be prepared after the stabilization
campaigns.

2.3 FACILITIES, BUILDINGS, AND STRUCTURES

The Z Plant Aggregate Area contains a large variety of waste disposal and storage units
in addition to its plutonium finishing and recovery facilities and support facilities.

HAdig:hay7cont e plevesinl wastes were dis>carged& t the -sil c6Iwmn thaough
cris, renhes an)oher facdlities. Wast whic{ Were nibt nfrmaily bhtainhatd, but iave

flthes pot t Q.containradionsUcaides, sebh a n a ndensat e waterwr 6&d ti< w rae
aiowd th in traeinto he grond through pdsand he datches t Rdislogiiainy

conamnaedwatetype~s are dend in DbE6 rde5820.(A) DOE1988a):

Order 5820.2:

High-level waste is i I as highly radioactive waste material that results from
the reprocessing of spent nuclear fuel, including liquid waste produced directly in
reprocessing and any solid waste derived from the liquid, that contains a
combination of transuranie M waste and fission products in concentrations as
to require permanent isolation.
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10
2 * Transuranic waste is defined as: without regard to source or form, radioactive

3 waste that at the end of institutional control periods is contaminated with alpha-
4 emitting transuranium radionuclides with half-lives greater than 20 years and

5 concentrations greater than 100 nCi/g. ed 6 icid Elre'ns can determine
6 othode alpha conaminated wats eu?9§ar4 .,P a spcfcsie .s aae

7Regading-the-Waste Iselation Pilet Plant, high level-waste and

8 pntuozfulas defined by this -Order are specifically vzeluded by thi
9 defnnition,

10
11 * Low-level waste is OP" radioactive waste not classified as high-level
12 waste, tfansumanie TRIU waste, spent nuclear fuel, or iie(2) byproduct matenal as
13 defined by theis Order.Te pecimens Ossonable matenaU iraddor
14 reSafch and dsvelopmnt 6nly an kfor the of p.wer r

~y16 TRU4 wasteis lessh to o ii0Cig.
18
17
18 * yrdc aeili eie s a n aiactiven mtra(exep spcil

19 nulearmateal)ytelded .n or made raditoactive~ by, expcosure toithe tadiation
20 inie t&toth prcsso pouin r tlzigspcalncea atra For

IM 1. 22 . .. ....

22term0 "Iy radioactve ateriaY" reYeshny'to the ac'ual radbnucdsdierion
23 dr sdspeddin the s ..ub..The O..adOaCtiv .hazardouswaste
24 ht be sJet reg43atn under RCA; (

-25 4 Th talnso at prdcdb h xtato rc3 tration uranium or
26 ~~Thori frayte procesd rmavy o y>.test.. sor4 m4i~aiterialon .

-27 bodis dpiete by vraniu sow:% 9etpconoperatidns and wnIch rrmain
- 28 unegon ontcnttue"yrdc aeit

29
30 Based on construction, purpose, or origin, the Z Plant Aggregate Area waste
31 management units fall into one of ten subgroups as follows:
32
33 * Plants, Buildings, and Storage Areas (Section 2.3. 1)-
34
35 * Tanks and Vaults (Section 2.3.2)-,
36
37 * Cribs and Drains (Section 2.3.3)h
38
39 a Reverse Wells (Section 2.3.4)-
40
41 * Ponds, Ditches, and Trenches (Section 2.3.5)t
42
43 * Septic Tanks and s.ein e (Section 2.3. 6 )
44
45 * Transfer Facilities, Diversion Boxes, and Pipelines (Section 2.3. 7)t
46

2-4



DOE/RL-91-58
Draft B

W1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

- 25
-26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

*b46

* Basins (Section 2.3.8);

* Burial Sites (Section 2.3.9)j-and

* Unplanned Releases (Section 2.3.10).

Table 2-1 presents a list of the waste management units within the aggregate area. The
locations of these waste management units are shown on separate figures for each waste
management group (Figures 2-2 through 2-4 and 2-7 through 2-13) W
199Ja3. Figure 2-1 summarizes the operational history of each of the waste management
units. Tables 2-2 and 2-3 summarize data identified regarding the quantity and types of
waste disposed of to the waste management units. These data have been compiled from the
Waste Information Data System (WIDS) inventory sheets (WIHC 1991a) and other sources as
specifically noted. Te2-4 anid 2-2 reflet thmaterials

The data presemed-in Tables 2 2
S 3 iludels The invhftore on&

Tig" nd do not necessarily include all of the contaminants disposed of at each site
2wase..fxM rn g i t. In the following sections, each waste management unit is described

within the context of one of the waste management unit types.

No planits or buildings wNithin the Z Plant Aggregate Area will be remfediated as part Ep
the general aggrtegate area study. However, the Z Plant plutoniumf separation! recovery
proccss buildings (231 Z, 231 §Z, -236 Z, anid 21-2 Z Buildings) and the Z Plant laboratories,
generated liquid wastes within the Plant Aggregate Area and will be described in Sectio

Prior to 1977, liquid wastes generated in Z Plant Aggregate Area were generally
disposed of to the soil column via various cribs, french drains, reverse wells, trenches, and
tile fields. Subsequently, variou enierigmasutres, not discussed in this report, were
developed to redue the overall volume of wastes geerated. After 1977, highilevel and
mixed liquid wastes were generally routed to the Tank Ffarms. Process condensates have
not been discharged to cribs since 1972, and are currently transferred to 200 Areas tank
farms for storage following treatment in the 241-Z Treatment Tank (Section 2.3.2.3). Non-
process wastewater, e.g., non-contact cooling water and sanitary wastewater from standby
activities is discharged to the soil column via the 216-Z-20 Crib and the 216-Z-21 Seepage
Basin. The 2'6-Z-2X Seepage Basin is discussed in Section 2.3.8.2, and the 216-Z-20 Crib
is discussed as part of the U Plant AAMSg repert (DOE/RL 1992). T~ i?44y

Agrementspeie hat he2 1-Z2 Cri is """9dresdi teUPan AS

However, te U PVaniAAMSR xecomimends3 that the 2j6-Z20 Crib be ddressed in the Z
PUanC AM. Beginninin S{eptember 1991, the dicag ofPFR wastewater to the
216-Z Cb wsjimitedi tR 66L (Q60 gal) p minute a ekss, aetaged ovr h ictedr
moAth Thi& 4ischagethit was eih acodnewt r-at Agreement milest94e

M -1 6 . A ot er Tri P a ty A gree mient i e t ne - 7 rqui@e ce satio n of all

dishagetoth cibbyJue 99 (Colg ta.19)
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I Z Plant Aggregate Area and at other Hanford Site facilities are disposed of in the 218-W
2 Burial Grounds. Accidental spills or releases (e.g., resulting from pipe leaks, overflows, or
3 fires) of waste materials (unplanned releases) also occurred at various times and locations
4 a. n te N...... V"dr'Sss

5
6
7 2.3.1 Plants, Buildings, and Storage Areas
8
9 Plants and buildings are not generally identified as past ,practice waste management

10 units according to the f edr F >nd ConseOrde ri-Party
11 AgreementJ and will generally be addressed under the llaaferd Surplus Faafica
12 Dic6rnmiihning an CRAVCIosuie program Theten1) pftro6rai&regsil

14 Enionna etrto rgat.Scin7dtl the intetacttostofthe :Anford~
............................. .....

15 V" 1i6
16 such Som plants and buildigs are or contain RCRA TSD facilities; a description of-

16facilities is provided in Section 2.6.
17
18 The main Z Plant GomplexY tEPP, consists of four major facilities and a number of

CP' 19 ancillary structures which are located as shon on Figure 2-2. The major facilities include
20 the PFP RMC h3n located in the 234-5Z Building, finished product inspection and testing
21 laboratories located in the 231-Z Building, the PRF located in the 236-Z Building, and the
22 Americium Recovery Facility located in the 242-Z Building. Other Z-Plant Aggregate Area
23 facilities include the 291-Z Building, the 2736-ZB Building, the 232-Z Incinerator Building,
24 the 11azardous Waste Staging Arca (IFlNSA), and the Radicactive Mixod 'Waste Storago

25 Faeility (RMW'SF).-T fhe 232-Z Incinerator, the UWSA facility, the R P.SF facility, and a
26 waste treatment tank inside the 241-Z Building (241-Z Treatment Tank)., Tel.w are
27 AAMS waste management units. The 231-Z Building, the 242-Z Building, and the 232-Z
28 Building are inactive facilities. The 241-Z Treatment Tank is described in Section 2.3.2.3;
29 the 232-Z Incinerator and the IIWSA and RL,.'SF facilitios ro A described in Section
30 2.3. 1.0g. Z Plant building and facilities which are not AAMS waste management units are

a' 31 described in Sections 2.3.1.1 through 2.3.1.5.
32
33 Othir buifdrng ang stcures redp withi tbe ag.regate araA ate not -ddr.ssed n

ep. p togs gre

34 luis documen beas hyare not thpught io hin eeAe&c{MAtias nd*wllkcdbsed

35 thrug thetecomnnss1iknznand CR Clqsut;1Proam. Theestructurts indud:

36
370 a245Z H ug AeaS(HWSA (agtiv .a..rx" wte and

38 pxpcess'che s g
39
40 Y aVaeMixed WasieStcrae Facili (RMWSF) (atie CA TSD)
41
42 M W.t.. ece gsi(y waste
43facity
44
45 2.3.1.1 234-5Z Building. The 234-5Z Building is the site of the primary plutonium
46 finishing facility, the Plutonium Finishing Pnt PFP). First constructed in 1949, the
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0

e0

216-Z-1 & 216-Z-2 Cribs
216-Z-3 Crib
216-Z-12 Crib
216-Z-1A Tile Field
216-Z-19 Ditchl

Wastes discharged to the 216-Z-1 and 216-Z-2 Cribs, 216-Z41A Tile Field, 216-Z-3
Crib, and 216-Z-12 Crib were routed through the 241-Z-361 Settling Tank prior to
discharge. Some of the process waste was also routed through the 241-Z Treatment Tank
(241-Z Building) prior to disposal.

The 216-Z-19 Ditch is incvefciy discussed in the U Plant AAMSR :eP:
Th riPry gemetspcfesta the 2$-2-d9 Dtch is totbe addressed in the U Plant

In addition to the plutonium processing lines, the 234-5Z Building houses office space,
analytical and development laboratories, workshops, storerooms, and locker rooms.

Currently, there are 80 potential WN- s contributors to the liquid effluent waste
stream (Jensen 1990). Potential contributors include equipment cooling water drains;
heating, ventilation, and air conditioning (HVAC) drains (condensate). This wastewater is
disposed of to the 216-Z-20 Crib, which is an active unit covered in the U Plant AAMSR.

2.3.1.2 231-Z Building. The 231-Z Building was the site of the Plutonium Isolation
Facility (PIF). The PIF operated from approximately 1945 to 1949 to condense the
plutonium nitrate solution from the separation process facilities into plutonium paste prior to
additional off-site processing. Several waste management units including the 216-Z-4
Trench, 216-Z-5 and 216-Z-6 Cribs, and the 216-Z-10 Reverse Well began receiving liquid
waste from the 231-Z Building in 1945.

2-7

concrete and sheet metal multi-story building was later expanded to occupy 18,580 m2

(200,000 ft2). The 234-5Z Building housed the RECUPLEX process line which purified and
converted plutonium nitrate solutions to other usable plutonium forms or compounds. TO
RECUPLEX operated from 1955 through 1962 to reclaim additional plutonium from the PFP
liquid and solid wastes and scraps. IT RECUPLEX process wastes included mixtures of
tributylphosphate with carbon tetrachloride and acidic aqueous wastes. The 216-Z-8 French
Drain, the 216-Z-9 Grib -Tr% h, and a structure designated the 216-Z-8 Settling Tank for the
purpose of this study received RECUPLEX waste.

Three plutonium processing lines operated inside the 234-5Z b uilding. They included
the RG-RB line (1949-1953), the RMA line (1953-1979), and the RMC line (1969-1973 and
1985-1988). Section 2.4 provides a detailed description of wastes generated from these
process lines. Historically, liquid wastes generated from these operations contained traces of
plutonium and other tramsmeaie TI, elements which were routed to the following waste
sites:
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1 After 1949, the 231-Z Building was used for metallurgical labs and offices for research
2 on plutonium and alloys. It is a 1,860 m2 (20,000 ft2) structure which currently houses
3 inactive process cells and occupied office space. It is ]N
4 the only Z Plant building boated out of the PFP Complex Protected Areas
5 exclusion fence. Liquid process wastes containing radioisotopes, dissolved metals, and other
6 compounds were disposed of from this facility via the 231-W-151 Sump to the following
7 waste units:
8
9 * 216-Z-4 Trencht

10 * 216-Z-5 Cribs,
11 216-Z-6 Cribt
12 * 216-Z-7 Cribs,
13 * 216-Z-16 Cribt
14 * 216-Z-10 Reverse Well;-end
15 * 216-Z-17 Trench.
16

~)17 The 231 XV 151 Sumnp has also booni identified as the 231 Z 151 Diversioni Bex and the
18 2413- 151 Sump Tank.
19
20 Process wastes from the 231-Z Building were previously discharged to the 216-Z-l(D)
21 Ditch, now abandoned and backfilled. The ditch was located east of the 231-Z Building and
22 ran south to the 216-U-10 Pond via the 216-Z-19 Ditch (j3 abandoned and backfilled)
23 (Figure 2-6,). The 216-U-10 Pond, discussed in the U Plant AAMSR (DCELRz- 1992) was
24 located in the southwest corner of the 200 West Area. At its maximum extent, including the
25 overflow trenches, the pond covered approximately 12 hectares (30 acres). The 216-Z-1(D)
26 Ditch and 216-Z-19 Ditch are discussed in the U Plant AAMSR.
27
28 Currently, the 231-Z Building is-eny-used-er houses office spaceXae Ter' ,
29 and a ,me of boratories. Routine effluents from the building
30 include cooling water and condensate from the HVAC systems. There are four potential
31 contributors to the effluent waste stream from these sources which comprise 8 individual
32 contributors. These wastes are discharged to the 216-Z-20 Crib. The 216 Z 20 Cri i
33 disoussed in the U Plant AkMSR.
34
35 Sanitary wastewaters from the 231-Z Building 5.15 eubie etors per day [md)
36 (,5 L, a eday) discharge through the 2607-W-8 Septic Tank to a sanitary
37 drainfield northeast of the 231-Z Building (Figure 2-9).
38
39 2.3.1.3 236-Z Building. The 236-Z Building housedi the PRF process lines. The purpose
40 of this operation was § to recover plutonium from scrap solutions within the PFP and other
41 DOE facilities. The 236-Z Building is a six-story 520 m2 (5,600 f 2) reinforced concrete
42 structure. Multiple floor levels house process and supporting facilities used for the
43 plutonium reclamation operations.
44
45 PRF process wastes were similar to the RECUPLEX wastes; in addition, dibutyl butyl
46 phosphonate (DBBP) was used in the PRF process. Plutonium recovery process wastes were
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routed to the 241-Z-361 Settling Tank before being discharged to cribs and trenches in the Z
Plant Aggregate Area. The 216-Z-1A Tile Field, the 216-Z-1 and 216-Z-2 Cribs, and the
216-Z-18 Crib received PRF process waste.

The plutonium recovery facilities are currently idle. Lowjlevel wastewater including
equipment cooling water, HVAC condensate, process cooling water, and steam condensate
discharge to three piping drain headers which route the effluents to the 216-Z-20 Crib. The
216 Z 20 Crib is ani aetivt liquid waste disposal unit which is a U Plant Aggregate Aro-
waste managomont unit, and is at disuss d further in this repot. There are currently 41
potential nO-po contributors to the effluent waste stream. Potential contributors include
equipment cooling water drains and HVAC drains.

2.3.1.4 242-Z Building. The 242-Z Building housed the Americium Recovery process line.
The 93 m2 (1,000 ft2) building was used from 1964 to 1976 to recover americium from the
PFP process line.

Liquid wastes from the Americium Recovery process line consisted of concentrated
nitric acid with traces of traisetfaie TRU elements and metals. TIr, DBBP was also used in
the americium recovery process. This waste stream was routed to the 241-Z-361 Settling
Tank and then discharged to the 216-Z-LA Tile Field and the 216-Z-18 Crib. Beginning in
1973, these wastes were routed to the 242-T Evaporator. The 242-T Evaprator, d
the T Pan Agrgt ra isissed in the T PlantAAMSR

Currently, there are no routine prcs effluent contributors from this building. The
building has been ilo sinco 1962. A single piping drain header carries condensate effluent
from this building to the 216-Z-20 Crib (discussed in U Plant AAMSR, DOE/iL 1992).

2.3.1.5 241-Z Building. Th 241 Z Trenmont Tank, also ferrod to as Tank D 5 and TI
5, is an aotive waste managrint unit lozated iside the 211 Z Duilding. The 241-Z
Building is located south of the 234-5Z Building (Figure 2-2). Th .. Z.. i.di.g.houie&

ipntedotemporrly seand tear 'rosse. .r.. . T Aiy

abtt4gra& /ak 6ne o4c t6lw-jde unk th 41tZTreannLmTan., also caled
Tank 4 5 P:m 5TcIs an ctv RCRA TSD (seeKSection 2t.Z$V Anoffher bow-smae

k k h 'earednot .. tfor.uiea:d
tanI46P~~~~s~~ee% _otfhab4 ead ad

Tabidn hue h 21ZTotmn akan orwst up.The 241-Z
Building structure is also referred to as a storage tank pit. The General Electric
CON y- drawing shows the 241-Z Building as a subsurface structure with a concrete floor,
side walls, and internal walls separating each tank compartment. The structure has a ground-
level concrete cover, and above-ground'sheet-metal housing for utility piping and electrical
components. The 241-Z (D-5) Treatment Tank is the easternmost of the tanks within the
building.



DOE/RL-91-58
Draft B

1 2.3.1.6 Other Buildings and Facilities. 0
2
3 2.3.1.6.1 232-Z Incinerator. The 232-Z Incinerator is an inactive ZW Aggregate
4 Area waste management unit located on the southwest side of the 234-5Z Building (Figure
5 2-2). The 186 m2 (2,000 ft2) building housed the dry waste incinerator from 4964 M959 to

6 1973 te 7w" incinerated plutonium-contaminated solid wastes in preparation for plutonium

7 recovery. The building also housed equipment used for supporting operations such as offgas
8 treatment and leaching. The first floor contained a storage room, electrical equipment room,

9 a process room containing waste handling equipment, a chemical mixing room, and a change
10 room. The second story housed the building heating and ventilation equipment. The

11 building has been inactive since 1973 and there are currently no routine contributors to the

12 effluent waste stream. The 232-Z Incinerator Building is scheduled for decommissioning in
13 Fiscal Year 1999 under the Hanfmd Sunplus Fadlitics RWAS

14 Program. Historically, the 216-Z-1A Tile Field received aqueous wastes from the 232-Z

15 Incinerator, but the nature and quantity of these wastes is unknown.
16
17 A piping drain header leads from this building to the 216-Z-20 Crib. There is no

18 process solution contact with the 216-Z-20 Crib effluents under normal operating conditions.

19 The drain header is a condensate drain header. Th 216 Z 20 Crib is a U Plant AAMS
20 (DOE/RL 1992)
21
22 No releases to the soil column have been reported at this site
23
24 2.3.1.6.2 234-5Z Hazardous Waste Staging Area (HWSA). The HWSA facility is
25 an active RCRA generator waste accumulation area. Alternately called the Hazardous Waste

26 Storage Area, this asphalt pad is located on the east side of the 234-5Z Building (Figure 2-2).

27 The eastern pad is located about 15.3 m (50 ft) east of the eastern wall of the building, along
28 the inner security fence line and has stored containerized wastes. Wastes typically contained

29 in the staging area over the course of a year included waste nitrates and other oxidizers,

30 benzenes poyhoinatf iph& yl (CBs), process chemicals, and carbon tetrachloride. No

31 releases are known to have occurred at this site Qnit.
32
33 2.3.1.6.3 Radioactive Mixed Waste Storage Facility (RMWSF). The RMWSF is an

34 active RCRA TSD facility which consists of twelve small buildings used to temporarily store

35 designated mixed waste (Figure 2-2). The unit was started in 1988 on the west side of

36 Dayton Avenue, west of the 218-W-2 Burial Ground. Th sie has handled 287 n9-ef-waste

37 (able-2 2).
38
39 No spills or releases have been reported at this facility.
40
41 2.3.1.6.4 291-Z Building. The 291-Z Building houses the ventilation exhaust fans,
42 instrument air compressors, and vacuum pumps to handle all ventilation exhaust from the

43 234-5Z, 236-Z, a*' 242-Z Buildings and formerly the 232-Z Building. It is a 1,300 m2

44 (14,000 ft2) building.
45

2-10
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Routine effluents from the 291-Z Building include non-contact cooling and condensate
wastewater from HVAC equipment, cooling water for the compressors, and vacuum-pump
seal water. These wastes were discharged to the following units:

* 216-Z-13 French Drain
. 216-Z-14 French Drain
* 216-Z-15 French Drain
* 216-Z-1(D) Ditch'

Currently, there is one drain header which discharges effluents from the 291-Z
Building to the 216-Z-20 Crib. There are 12 potential contributors to the waste stream
including floor drains and sinks (WHC 1990b). As provicusly discussed (Scotin 2.3.1.2),

discharged arc a U Plant Aggregate Arca waste mnanagement unit (DOE/RLz 199-2).

2.3.1.6.5 2736-ZB Building. The 2736-ZB Building, constructed in 1983, was
used for plutonium product handling operations. The 1,950 m2 (21,000 ft2) building is
separated into a front section and a back section. The front section consists of administrative
areas. The back section was i where storage and handling of the finished plutonium product
occurred . This process include4Q the storage and handling of radioactive solid waste
product material.

Routine effluents from the building currently are limited to cooling and condensation
wastewater from HVAC equipment and air compressors. Thore are no potntial eontributors
to to effluent waste strearn.

2.3.1.6.6 Waste Receiving and Processing (WRAP) Facility. The proposed WRAP
will be a permitted RCRA TSD facility designed to process existing drummed mixed waste.
The first phase of the project, drum recovery and repackaging is expected to come online in
mid-1993. A second phase of the project will include constructing a mixed waste incinerator
and incinerating the repackaged drums. The proposed WRAP facility will be located in the
general vicinity of the Radioactive Mixed Waste Storage Facility, west of the 218-W-2 Burial
Ground (Figure 2-2).

No wastes are currently associated with this proposed facility.

2.3.2 Tanks and Vaults

Tanks and vaults were constructed S!rthe Hanfbrd Site to handle and store liquid
wastes generated by uranium and plutonium processing activities. Several types of tanks are
present in the Z Plant Aggregate Area including settling tanks, septic tanks, and a treatment
tank.tas wePe rds or settngspend sds in

' 'e p1 rs Tkwereused t 
trabsorage taxkstefield. Septic tanks are discussed in Section 2.3.6. No

vaults orsngle-shelltanks were identified withfin the Z Plant Aggregate Area.

2-11
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1 Z Plant tanlks ar ull onolosd a-boo groundt- or underground oorntainmont vessels.0

2 The liquid wasto sotlornont and troatmoent tanks woro gonoralIly conneetod-by uindorgrounld
3 pipelines to othor Z Plant wastoe managomont units.
4
5 WHC- (1991a) identifies-gtwo liquid waste holding (sotling and troat tanks within

6 the Z Plant Aggregate Area, the 241-Z-361 Settling Tank and the 241-Z Treatment Tank g
7 dA review of Hanford drawings identified a third tank,

commonly referred to as the Silica Gel Settling Tank which has been designated as the 216-

9 Z-8 Settling Tank for the purposes of this report.
10
11 Sections 2.3.2.1 through 2.3.2.3 describe the history, construction, and operation of

12 each of these facilities.
13
14 2.3.2.1 216-Z-8 Settling Tank. The 216-Z-8 Settling Tank is an inactive waste

15 management unit located on the east side of the 234-5Z Building, 6.1 m (20 ft) west of the

O 16 216-Z-8 French Drain (Figure 2-3). The 57,000-lite* L (15,000 gallen) carbon steel tank

17 was used as a solids settling tank for a backflush of the feed filters for the RECUPLEX

18 process. Liquid waste overflowed from the 216-Z-8 Settling Tank to the 216-Z-8 French

19 Drain where it was disposed of to the soil column. Use-ef-the tank was disentimedin

20 g dtg tJg April 1962, when the RECUPLEX process line was shut down.

21
22 No releases are associated with this tank. Fluid level measurements in April 1974,
23 indicated that the tank contained 29,081 lie*rs g (7,653 gallons) of liquid and 1,888 A liters

24 (497 gallens) of sludge. The plutonium content of the tank was estimated to be 1.6 kg
25 7( Lg in 1974.
26
27 The 216-Z-8 Settling Tank has also been identified as the Silica Gel Settling Tank.

- 28
29 2.3.2.2 241-Z-361 Settling Tank. The 241-Z-361 Settling Tank is an inactive waste

30 management unit located approximately 106.8 m (350 ft) south of the 234-5Z Building
a' 31 (Figure 2-3). The underground, steel-lined, concrete tank is 4.6 m (15 ft) wide by x 8.5 m

32 (28 ft) long with a sloping bottom. The height of the tank varies between 5.8 m (19 ft) and
33 6.1 m (20 ft). The 241-Z-361 Settling Tank served as a settling tank for liquid wastes routed

34 to the 216-Z-1A Tile Field and the 216-Z-1, 216-Z-2, 216-Z-3, 216-Z-12, and 216-Z-18

35 Cribs from the PFP (234-5Z Building), PRF (236-Z Building), and 242-Z Building. The

36 241-Z-361 Settling Tank was used between 1949 and 1976 (Figure 2-1).
37
38 No releases are associated with this tank. The V.'DS (V/IC 1991a) indicatcz t his

39 unit received liquid waste estimated to contain 30 to 75 kg (65 to 16) of plutonium (1
40 mrem/hr gamma; 0.8 mrem/hr neutron) W 1 ). However, information as to what

41 part of that waste was retained in the settling tank was not found.
42
43 The 241-Z-361 Settling Tank has also been identified as 207-Z Settling Tank.
44
45 2.3.2.3 241-Z Treatment Tank. The 241-Z Treatment Tank (ak'4 D-5) is a RCRA TSD

46 facility. The Treatment Tank receives and treats corrosive liquid waste from the PFP-in-the

2-12
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234-5Z Building. 4ditional infrmai on garding th. layo f..h. 24P7SBildin and
d Sect~dio 2.3.5. The corrosive liquid waste is

treated by addition of caustic soda, to increase aluminum compound selubility in tho tk
pH1 he# i. The Te-WIDS indieated-that4ghe 241-Z Treatment Tank is designed to treat a
maximum of 20,140 E literm (5,300 gallens) per day ( 199Ia). The nominal outflow
from the tank was a pproximately 58,900 litern (10,200 gallem) per week. After
treatment, the liquid wastes are transferred via pipeline to a .rUei.er tank in the 244:TX
Tank-Fam M iOO T north of Z Plant The wastes are then rerouted to
various Hanford Site tank farins. Currently, whenaccumad

nonconactvasewaer romstadbyoprtin f t PEP wastes are routed to 4ank-402--Y

No-Imewn releases ptanned reessWN74W-43 2 00W7, and
UN-2M-W-79 are difeetly associated with the 241-Z Budin Ttreatment -Ttanks. Aft
tpnplanned release UN-200-W-79 (Table-2-5), occurred when an influent pH line (D-6
transfer line) failed adjacent to the 241-Z Treatment Tank. Seotien 2.3. 10 Tle26
describes the unplanned releaseA in more detail.

2.3.3 Cribs and Drains

The cribs and drains were designed to inject or percolate wastewater into the ground
without exposing it to the open air. The locations of cribs and drains in the Z Plant
Aggregate Area are shown on Figure 2-4. Cribs are shallow excavations that are either
backfilled with permeable material or held open by wood structures. Both types of cribs are
covered with an impermeable layer. Wstewater flows directly into the backfilled material
or covered open space and percolates into the vadose zone soils. A typical crib is illustrated
on Figure 2-5. Fronh drains inject wastewater into the ground at a greater dopth than
eribs-They F da are generally constructed of steel or concrete pipe and may either
be open or filled with gravel. A typical french drain is illustrated on Figure 2-6. The
216-Z-IA Tile Field is similar in design and operation to the cribs and is thus also discussed
in this section.

T PM s d r&ve >,w<leve , w At sP6sa Most erbs drainis, and
trennesweredesgnedto eceve flquid mntthe un ts speCifld retenuion 6r iradionttciideed to qee . ,

capazrtyrwa&:met T% tem"pcn rTeniitij" i:Kn s that vyun m f wMi'i liquid
mamy be disposed. tb the soiiiand he heldagain tthttfor&& 9f ravy by the mjilecular
rv n s es thw wh expreseias a

perentof he ack sil vblumi (Biersehenk d99 Radionhdhide ctapacity refers to a
speme anier uries of rad acv the waste mapagement units wr l dt

i nF er don echt et at. .977.Th. followini sectons, cibf:
cribandfrech dainnfie Z pla Atkggreg4te A4e

WHC-1990a-identifies nine cribs, four french drains, and one tile field j@
dtifted within the Z Plant Aggregate Area (SVC199Oa)2 . The cribs, drains, and tile

fields identified include the following:
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1 * 216-Z-1 and 216-Z-2 Cribs
2 * 216-Z-3 Crib
3 * 216-Z-5 Crib
4 0 216-Z-6 Crib
5 * 216-Z-7 Crib
6 * 216-Z-12 Crib
7 * 216-Z-16 Crib
8 * 216-Z-18 Crib
9 * 216-Z-8 French Drain

10 * 216-Z-13 French Drain
11 * 216-Z-14 French Drain
12 * 216-Z-15 French Drain
13 * 216-Z-IA Tile Fieldl
14
15 Sections 2.3.3.1 through 2.3.3.14 describe the history, construction, and operation of
16 each of these facilities. Tables , 2-2, 2-3, and 2-4 present available information regarding
17 sources of and inventories of wastes disposed of to these waste management units. Locations
18 of these waste management units are identified on Figure 2-4.
19
20 2.3.3.1 216-Z-1 and 216-Z-2 Cribs. The 216-Z-1 and 216-Z-2 Cribs are inactive waste
21 management units located approximately 122 m (400 ft) south of the 234-5Z Building. Each
22 crib consists of a wood-lined box 3.7 by 3.7 by 4.3 m (12 by 12 by 14 ft) high set and
23 backfilled with gravel in a 6.4 m (21 ft) deep excavation.
24
25 The cribs received liquid process wastes from the 234-5Z Building from June 1949
26 until June 1952. The cribs received aqueous and organic wastes from the PRF for one
27 month in 1966 and one month in 1967. The cribs received PRF process waste and
28 americium recovery line wastes from the 236-Z and 242-Z Buildings from March 1968 to
29 April 1969. From March 1968 to April 1969, the cribs received uranium wastes from 236-Z

"J 30 Building (Stenner et al. 1988).
31
32 Figure 2-10 shows the location of the pipeline which carried process wastes from the
33 234-5Z Building to the 216-Z-2 Crib via the 216-Z-361 Settling Tank. The 216-Z-2 Crib
34 overflowed into the 216-Z-1 Crib which then overflowed into the 216-Z-1A Tile Field.
35
36 No unplanned releases were associated with these cribs.
37
38 The 216-Z-1 and 216-Z-2 Cribs have also been identified as the 234-5 No. 2 Crib and
39 the "216-Z-7".
40
41 2.3.3.2 216-Z-3 Crib. The 216-Z-3 Crib-is an inactive waste management unit located
42 approximately 122 m (400 ft) south of the 234-5Z Building, due east of the 216-Z-1 and 216-
43 Z-2 Cribs. The 216-Z-3 Crib consists of three 1.2 m diameter (4 ft) by 6.7 m (22 ft) long
44 perforated corrugated culverts laid end to end in a 7.6 m (25 ft) deep excavation. The
45 culverts were laid horizontally on gravel fill 4.6 m (15 ft) above the crib bottom. The
46 excavation was then backfilled to surrounding grade.

2-14
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The 216-Z-3 Crib received neutral/basic process waste and analytical and development
laboratory wastes from the 234-5Z Building via the 2a S-,-Z-361 Settling Tank from June
1952 to March 1959.

No unplanned releases were associated with this crib.

The 216-Z-3 Crib has also been identified as the 216-Z-3 Culvert, the 234-5 No. 3 and
No. 4 Cribs, and the 216-Z-8 Crib.

2.3.3.3 216-Z-5 Crib. The 216-Z-5 Crib is an inactive waste management unit located
approximately 660 m (200 ft) northeast of the 231-Z Building. The 216-Z-5 Crib consists of
two wooden boxes, each 3.7 by 3.7 by 1.2 m (12 by 12 by 4 ft) high, placed in 5.6 m (18
ft) deep excavations constructed with 1:1 side slopes.

The 216-Z-5 Crib received 231-Z Building process waste via the 231-W.-151 Sump.
The 216-Z-5 Crib was used to dispose of liquid waste to the soil column from June 1945
until February 1947. Use of the 216-Z-5 Crib was discontinued when sludge in the waste
plugged the soil. The cap on the 216-Z-5 Crib has reportedly weakened (WHC 1991a)
creating a cave-in potential.

No unplanned releases were associated with this crib.

The 216-Z-5 Crib has also been identified as the 231-W-1 and 231-W-2 Cribs and the
231-W Sumps.

2.3.3.4 216-Z-6 Crib. The 216-Z-6 Crib is an inactive waste management unit located
approximately 91.5 m (300 ft) east of the 231-Z Building and 61 m (200 ft) north of 19th
Street. The Crib consists of a wooden box 15.3 m (50 ft) long by 2.0 m (6.5 ft) wide by 0.6
m (2 ft) high, placed in a 2.4 m (8 ft) deep excavation.

The 216-Z-6 Crib received process waste from the 231-Z Building via the 231-WZ-151
Sump for one month in June 1945. Use of the crib was discontinued due to plugging of the
surrounding soil by process sludge and precipitates. The cap on the 216-Z-6 Crib has
reportedly weakened (WHC 1991a) creating a cave-in potential.

No unplanned releases were associated with this crib.

The 216-Z-6 Crib has also been identified as the 231-W-4 Crib, the 226-W-4 Crib, and
the 231-Z-6 Crib.

2.3.3.5 216-Z-7 Crib. The 216-Z-7 Crib is an inactive waste management unit located
approximately 152.5 m (500 ft) east of the 231-Z Building and about 137.3 m (450 ft) north
of 19th Street. The 216-Z-7 Crib consists of two parallel wooden structures 45.7 m (150 ft)
long by 1.5 m (5 ft) wide by 0.6 m (2 ft) high, placed in a 1.5 m (5 ft) deep excavation.
Each wooden structure was constructed of three overlapping tiers. A 45.8 m (150 ft) long,
7.5 or 10 cm (3 or 4 inch) diameter perforated distribution pipe runs above the second tier.
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1 Each of the two trenches is covered by 503-3 m (1,650 ft) of 5 cm (2 inch) planking, then
2 tar paper. The excavation was backfilled with gravel.
3
4 The 216-Z-7 Crib received process waste from the 231-Z Building via the 231-W-151
5 Sump from February 1947 to February 1967. The 216-Z-7 Crib replaced the 216-Z-5 Crib.
6 It also received Hanford Laboratory waste from the 231-Z Building, via the 231-W-151
7 Sump. In addition, the site received waste from PNL operations in 231-Z Building, and 300
8 Area laboratory waste from the 340 Facility (WHC 1991a). In total, the site received an
9 estimated 79,900,000 L liters of liquid waste.

10
11 No unplanned releases were associated with this crib.
12
13 The 216-Z-7 Crib has also been identified as the 231-W Trench, the 231-W Crib, and
14 the 231-Z-6 Crib.
15
16 2.3.3.6 216-Z-12 Crib. The 216-Z-12 Crib is an inactive waste management unit located
17 approximately 122 m (400 ft) southwest of the 234-5Z Building. The 216-Z-12 Crib consists
18 of a 91.5 by 6.1 by 6.1 m (300 by 20 by 20 ft) deep excavation with 1.5 m (5 ft) of gravel
19 in the bottom backfilled to grade. A 30 cm (12 inch) diameter, perforated, vitrified clay pipe
20 runs the length of the crib, 1.2 m (4 ft) above the crib bottom. In July 1968, a 15 cm (6
21 inch) diameter schedule 10 pipe was run parallel to and 9.2 m (30 ft) west of the original
22 line. The new line bypassed 30.5 m (100 ft) of the original line. The original line was
23 plugged upstream from the junction of the two lines.
24
25 The site received PFP process waste and analytical and development laboratory waste
26 from the 234-5Z Building via the 241-Z-361 Settling Tank. The crib's active life was from
27 1959 to 1973. The slightly acidic, low-salt waste was adjusted to a pH range of 8 to 10
28 before disposal. The 216-Z-12 Crib reportedly received 281,000,000 liters (72.250,0i1
29 of liquid waste which included 254 kg (55KlbT of plutonium (WHC 1991a).
30

0' 31 No unplanned releases were associated with this crib.
32
33 The 216-Z-12 Crib has also been identified as the 207-Z-12 Crib.
34
35 2.3.3.7 216-Z-16 Crib. The 216-Z-16 Crib is an inactive waste management unit located
36 about 76.3 m (250 ft) northwest of the 231-Z Building. The 216-Z-16 Crib consists of an
37 excavation 54.9 by 3.1 by 4.6 m (180 by 10 by 15 ft) deep with 1.5 m (5 ft) of gravel in the
38 bottom. A perforated 10 cm (4 inch) diameter PVC pipe runs down the crib center, 1.2 m
39 (4 ft) above the bottom of the excavation. A polyethylene vapor barrier was placed over the
40 gravel, then covered with 10 cm (4 inches) of sand, and earth backfill to grade.
41
42 The 216-Z-16 Crib received 231-Z Building laboratory waste from PNL operations
43 from March 1968 to January 1977. The WIDS (WI 1991a) indizatza that t 216-Z-16
44 Crib received 102,000,000 L lers 27,0( 00 < ga of neutral/basic liquid waste containing
45 approximately 0.072 kg (U.6 b) of plutonium (WHC J991a).
46

2-16
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This waste management unit has not been identified by any other designation than the
216-Z-16 Crib.

2.3.3.8 216-Z-18 Crib. The 216-Z-18 Crib is an inactive waste management unit located
approximately 183 m (600 ft) south of the 234-5Z Building which received wastes via the
241-Z-361 Settling Tank. The 216-Z-18 Crib consists of five parallel excavations, each 63.1
m (207 ft) by 3.1 m (10 ft) with depths ranging from 4.6 to 5.5 m (15 to 18 ft). A 91.5 m
(300 ft) long& 7.5 cm (3 inch) diameter steel pipe runs east and west, bisecting the length of
each excavation. Two 30.5 m (100 ft) long, 7.5 cm (3 inch) diameter, perforated,
fiberglass-reinforced epoxy pipes exit each side of the steel pipe in each excavation (2 lines
north, 2 lines south). The distribution pipes are 0.3 m (1 ft) above the crib bottom in a 0.6
m (2 ft) thick bed of 3.8 to 7.5 cm (1.5 to 3 inch) gravel. Each excavation was backfilled to
grade.

From April 1969 to May 1973, the 216-Z-18 Crib received both extraction column
solvent and acidic aqueous waste from the PRF in the 236-Z Building. The WqDS-(3 -G
1991a) indieetes-that-the 216-Z-18 Crib received 3.86 million t liters 1,2,Qal) of high
salt, acidic, organic liquid waste ( The wastes disposed of to the crib included
approximately 175,000 kg (p.6,... . b) of carbon tetrachloride, 22,000 kg 24850 2*) of
tributylphosphate, and 15,000 k of DBBP (Stenner et al. 1988). Approximately
2-3000-rams 2 (7 of plutonium were disposed of to the 216-Z-18 Crib.

No unplanned releases are associated with this crib.

This waste management unit has not been identified by any other designation than the
216-Z-18 Crib.

2.3.3.9 216-Z-8 French Drain. The 216-Z-8 French Drain is an inactive liquid waste
management unit located 41.5 m (300 ft) east of the 234-5Z Building and 61 m (200 ft) south
of 19th street. The 216-Z-8 French Drain consists of two 90 cm (36 inch) diameter tile
culverts stacked on end in a 5.2 m (17 ft) deep gravel-backfilled excavation. The unit
received neutral to basic RECUPLEX process waste via the adjacent 216-Z-8 Settling Tank
(Silica Gel Tank) between July 1955 and April 1962.

No unplanned releases are associated with the 216-Z-8 French Drain.

The 216-Z-8 French Drain has also been identified as the 234-5 RECUPLEX French
Drain, "216-Z-9", and the 216-Z-8 Crib.

2.3.3.10 216-Z-13 French Drain. The 216-Z-13 French Drain is an active non-contact
wastewater management unit located 58.0 rn (190 ft) south of the 234-5Z Building on the
southeast side of the 291-Z Building. The 216-Z-13 French Drain consists of two 90 cm (36
inch) diameter tile culverts stacked on end in a 4.6 m (15 ft) deep gravel-backfilled
excavation. The unit has operated continuously from 1949 to § present (Figure 2-1). The
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1 216-Z-13 French Drain receives steam condensate from the ET-8 Exhaust fan turbine and
2 floor drainage from the 291-Z Building.
3
4 No releases of hazardous materials or radionuclides have been reported for this unit.
5 However, due to accidents or unusual events in the process areas, Owens (1981) reports that
6 low level contamination can be assumed.
7
8 This waste management unit has not been identified by any other designation than the
9 216-Z-13 French Drain.

10
11 2.3.3.11 216-Z-14 French Drain. The 216-Z-14 French Drain is an active non-contact
12 wastewater management unit located 58 m (190 ft) south of the 234-5Z Building on the
13 southwest side of the 291-Z ventilation equipment building. The 216-Z-14 French Drain
14 consists of two 90 eeitim:ter t (36 inch) diameter tile culverts stacked on end in a 4.6 m
15 (15 ft) deep gravel-backfilled excavation. The unit has operated continuously from 1949 to

,0 16 present (Figure 2-1). The 216-Z-14 French Drain receives steam condensate from the
17 ET-9 Exhaust fan turbine and floor drainage from the 291-Z Building.
18

C; 19 No releases of hazardous materials or radionuclides have been reported for this unit.
20 However, due to accidents or unusual events in the process areas, Owens (1981) reports that
21 lowjlevel contamination can be assumed.
22
23 This waste management unit has not been identified by any other designation than the
24 216-Z-14 French Drain.
25
26 2.3.3.12 216-Z-15 French Drain. The 216-Z-15 French Drain is an active non-contact
27 wastewater disposal unit located 15.3 m (50 ft) south of the 234-5Z Building on the north
28 side of the 291-Z ventilation equipment building. The 216-Z-15 French Drain consists of
29 two 90 eentimetef (36 inch) diameter tile culverts stacked on end in a 4.9 m (16 ft) deep
30 gravel-backfilled excavation. The unit has operated continuously from 1949 to Me present
31 (Figure 2-4. The 216-Z-15 French Drain receives drainage from the S-12 evaporator
32 cooler.
33
34 No releases of hazardous materials or radionuclides have been reported for this unit.
35 However, due to accidents or unusual events in the process areas, Owens (1981) low"level
36 contamination can be assumed.
37
38 This waste management unit has not been identified by any other designation than the
39 216-Z-15 French Drain.
40
41 2.3.3.13 Other French Drains. A fench drain/dr-y well" (0.92 fa [3 ft] imte)i
42 reprtedly loated north of the 234 Z Building and west of the 21 Z uilding. The dry
43 well is connected to piping leadinlg benteath an adjacent Fire suppression vwater tank and mnay
44 be a drainage stmcture fcr the tank overflow. No other informfationt was identified.

450

2-18



DOE/RL-91-58
Draft B

2.3.3.144 216-Z-1A Tile Field. The 216-Z-1A Tile Field is an inactive waste management
unit located about 152.5 m (500 ft) south of the 234-5Z Building and immediately south of
the 216-Z-1 and 216-Z-2 Cribs. The 216-Z-IA Tile Field consists of a 85.4 m (280 ft) long
north-south running trunk with seven pairs of 21.4 m (70 ft) laterals spaced at 10.7 m (35 ft)
intervals in a herring-bone pattern (WID&t WHC 1991a). The tile field piping consists of 20
cm (8 inch) diameter perforated vitrified clay pipe placed on a 1.5 m (5 ft) deep gravel bed,
5.8 m (19 ft) below ground surface (Figure 2-10).

The 216-Z-lA Tile Field's active life was from June 1949 to April 1969. As originally
constructed, the 216-Z-1A Tile Field received liquid waste as overflow from the 216-Z-1 and
216-Z-2 Cribs. In later years, liquid waste was routed directly to the tile field. Available
information indicates that the discharge history of the 216-Z-1A Tile Field proceeded roughly
as fellowse wn TIbI2-

SERVICE DATES
FROM TO FUNCTION

Q419 6/52 216 Z 1 and 216 Z 2 CrFibs anid the 216 Z !A. Tile Field reeeived process,
antaljeal, and dcvelopmnent lab wastes from 231 S Z Building via the 211 Z36
Settling-Tankr.

6/L52 3/S9 216 Z 1 and 216 Z 2 Cribs wezre bypassed. -216 Z !A Tile Field reachNed the
above wastes via overflow fromf 216 Z 3 Crib.

3/59 5/61 All portions of this site were inactive.

516 "4 216 Z 1 and 216 Z 2 Cibs wore still iactivo. 216 Z !A Tile Field received

aqucous and organic waste from PRE (236 Z Building).

&64 53166 Same as above plus received 212 Z Building Waste and Ahacricium Recovoery
(242 Z)v.was to.

5/66 6/66 216 Z I aind 216 Z 2- Cribs and 2-16 Z 4A Tile Field roccivod 236 Z Builig
aqueous and orgaic waste and 212 Z Buildinig waste while the dlistribution
point in 216 Z lA Tile Fieldymwas moved from the A section 30.5 mn (100 ft)
down the main trunk to the B section.

6166 10/67 216 Z I and 216 Z 2 Cribs were inactive; setion B of the 216 Z !A Tile Field
Freeived aqueous and erganic waste from 236 Z Building and fo the 212
Buildinig, while the discharge point on 216 Z IA was movied 23 m (75 ft)
further down the maint trunk.

10/67 10/67 216 Z 1 and -216 Z 2 Cribsreee.iv.A 236 Z and 212 Z Building wastes while the
discharge point in the 216 2 IA:Tilt Field was moeved 23 ma (75 ft) further down
the main trunk from the, B; Ssfein to the C section.
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SERflCE DATES
.OM TO FUNCTION

10/67 3/68 216 Z I and 216 Z 2 CrFibs were iacti;'e 216 Z !A Tile Field receit'ed 236 Z
and 212 Z Building wastes.

3/68 4/69 216 Z lA4 Tile Field eentinued te receive the above wastes: 216 Z 1 and 216 7,

1
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ma wastes from 236 Z Building.

4/69 M~l portionsr of the 216 Z 1, 216 Z 2, 216 Z 3 Cribs and 216 Z it. Tile, Field
were retired.

The 216-Z-1A Tile Field received approximately 6.2 million E "en lits(1,640" g)* of
liquid waste. Other sources report only 5.21 million L lies (mli ' g of fluid
disposed of to the 216-Z-1A Tile Field and the-WlDS WHC (t99Th) reports only 1-0 million
L~ lie~s (264,0 gaL) of fluid disposeda. Material discharged to the tile field reportedly
included 268,000 kg (5 ®Q04a)of carbon tetrachloride, 30,000 kg (f6,00 ) of T-BP
r and 20,300 kg (44,§00 ,b) of DBBP.

No unplanned releases were associated with the 216-Z-1A Tile Field.

The 216-Z-1A Tile Field has also been identified as the 234-5 Tile Field and the
"216-Z-7".

2.3.4 Reverse Wells

Reverse wells are buried or covered encased drilled holes with the lower end perforated
or open to allow liquid to seep to the ground. These units injected waste water into the
ground at depths greater than the cribs and drains described above. Reverse wells are
generally constructed of steel or concrete pipe and may either be open or filled with gravel.

Reverse wells were used for the disposal of low-level liquid wastes in the early phases
of Hanford Site (and Z-Plant P) operations, but proved unsatisfactory because they
plugged easily and introduced the waste into the ground at or near the water table (Brown
and Ruppert 19504). Therefore, by 1954, all reverse wells at the Hanford Site had been
removed from service; associated wastes were re-routed to cribs and other types of ground
disposal units (Fecht et al. 1977).

..... -....... Revers .. .elL One reverse well, the 216-Z-10 Reverse Well, is located
within the Z Plant Aggregate Area (Figure 2-7). Sources of waste disposed of to the reverse
well are summarized in Table 2-1. Tables 2-2 and 2-3 summarize available information
regarding quantities and types of radfjnuclde chemical constituents disposed of to this
waste management unit.

2-20
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The 216-Z-10 Reverse Well is an inactive, wastewater management unit. It is a 145.8
m (50 ft) deep underground injection well constructed of 15.2 cm (6 inch) diameter schedule
50 steel pipe. The 216-Z-10 Reverse Well is located 30.5 m (100 ft) east of the 231-Z
Building and 122 m (400 ft) north of 19th Street. The reverse well received 231-Z Building
process and laboratory waste via the 231-W-151 Sump for four months between February
and June 1945 (Figure 2-1). Brown and Ruppert (1948) reported that the well received about
1,000,000 L liters of transurfaie TI-contaminated process waste at the rate
of about 75 : liters (20 gallens) per minute. The well was deactivated after it became
plugged with sludge. The pipeline to the well was capped west of the 231-WZ-151 Sump.

No unplanned releases are associated with the 216-Z-10 Reverse Well.

The 216-Z-10 Reverse Well has also been identified as "216-Z-2", 231-W Reverse
Well, and 231-W-150 Dry Well or Reverse Well.

2.3.5 Ponds, Ditches, and Trenches

The Z Plant Aggregate Area includes two ditehes and three trenches as shown on
Figure 2-8. There are no ponds within the Z Plant Aggregate Area. The twe ditehes, t
216 Z !(D) Ditch afid toe 216 Z 19 Ditch age U Plant Aggregate Area waste mmaiagemrn
units mid will noet be diseacd hercini-. Table 2-1 lists salient features of each of the
trenches, which are Z Plant Aggregate Area waste management units. Tables 2-2 and 2-3
summarize information identified with respect to radionuclide and chemical wastes received
by each unit.

2.3.5.1 216-Z-4 Trench. The 216-Z-4 Trench is an inactive waste management unit located
152-2 (500 ft) north of the 2704-Z Building. The 216-Z-4 Trench consisted of a 3.1 by 3.1
by 4.6 m (10 by 10 by 15 ft) deep unlined excavation.

The 216-Z-4 Trench received process and laboratory waste from the 231-Z Building for
one month in June 1945. The site t was deactivated and backfilled when the effluent flow
exceeded the infiltration capacity of the pit. The pipeline from the 231-Z Building to
the trench was capped west of the 231-WZ-151 Sump.

The WIDS WH~C (9a) indicates that the 216-Z-4 Grib rhc received
approximately 11,000 L iters (2,9 g) of neutral/basic liquid waste containing
approximately 0.002 of plutonium and small amounts of other transuranie [
elements.

No unplanned releases are associated with this erib hic.

The 216-Z-4 Trench has also been identified as the 231-W-3 Pit, Sump, or Crib; the
216-Z-4 Crib; and the 231-W-Sump.
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1 2.3.5.2 216-Z-9 Trench. The 216-Z-9 Trench is an inactive waste management unit located
2 about 213-5 m (700 ft) east of the 234-5Z Building, and 152- m (500 ft) south of 19th
3 Street. The 216-Z-9 Trench consists of a 6.4 m (21 ft) deep excavation with a 36.6 m
4 (120 ft) by 22.5 m (90 ft) concrete cover. The walls of the efib trench slope inward and
5 downward to the 18.3 m (60 ft) by 9.2 m (30 ft) floor space. The sloping walls of the eAi4
6 g were paved with acid-resistant brick. The cover of the elib Wtr is supported by six
7 concrete columns.
8
9 The 216-Z-9 Trench operated from July 1955 to June 1962, receiving all solvent and

10 aqueous wastes from the RECUPLEX facility in the 234-5Z Building. Reportedly the
11 216-Z-9 Trench received 4.05 million 1 liters (T Wilio4a.) of low salt, acidic, aqueous,12 and organic liquid waste from the RECUPLEX facility. It is estimated that 83,000 to
13 3,0,2t7, lr (132,000 to 477,000 kg) (9 6 o,5714 1,) of carbon tetrachloride may have been disposed of to the soil column at this location.
15 The waste stream included traee-levels-ef plutonium and other transuranie TRU elements.

C 16 The total volume of liquid wastes disposed of to the soil was 4,090,000 P 1itefs (1,380,O0O17 P.
18

nv 19 By the time the 216-Z-9 Trench was retired in 1962, it had received 50 to 150 kg|(
20 Zo33$ of plutonium. The bulk of this material was expected to be bound up in the upper21 few inches of sediments and sludge in the bottom of the trench. In 1963 and 1969, the

C-: 22 reactivity of the material at the bottom of the trench was measured using the pulsed neutron
23 source technique. Based on these measurements and other data, it was decided in 1973 to
24 actively mine the 216-Z-9 Trench to remove plutonium. This measure was intended to
25 reduce the risk of environmental contamination and to reduce the criticality potential (e.g.,26 the potential for uncontrolled nuclear reactions). The 216-Z-9 Trench was mined with
27 remote mechanical equipment between August 1976 and January 1977. The mining
28 operation removed an estimated 58 kg Q28 Jb) of plutonium. Based on new data acquired
29 during the mining operation, an estimated 38 to 48 kg ( t06 lb) of plutonium remained
30 in the 216-Z-9 Trench after the mining operation. ThLut i-oa t s

- 31 sldgereoered duing th iningoperationwsdr meandspsdfinTnhN.
32 othe 218-W4 B a Gr.und.
33
34 No unplanned releases were associated with this eei renh.
35
36 The 216-Z-9 Trench has also been identified as the 216-Z-9 Crib, the 216-Z-9 Cavern,
37 the 234-5 RECUPLEX Cavern, and the 216-Z-10 Crib.
38
39 2.3.5.3 216-Z-17 Trench. The 216-Z-17 Trench is an inactive waste management unit
40 located about 76.3 m (250 ft) north of 19th Street and 91.5 m (300 ft) east of the 231-Z
41 Building. The 216-Z-17 Trench consisted of a 61 by 3.1 by 2.4 m (200 by 10 by 8 ft) deep
42 excavation with 1:1 side slopes. It was parallel to and 12.2 m (40 ft) west of the 216-Z-1
43 Ditch. The 216-Z-1 Ditch is an inactive waste site"maagmet&ni associated with the U
44 Plant Aggregate Area (see DOE/RL 1992). The site trench was deactivated and backfilled
45 when the effluent flow exceeded the infiltration capacity of the pit.
46

2-22
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The 216-Z-17 Trench received laboratory waste from PNL operations in the 231-Z
Building for a one-year period between February 1967 and February 1968. The-WDS
indieated-that-The 216-Z-17 Trench received 36.8 million L liters (9.72 ftsffion gal) of
neutral/basic liquid waste which contained 0.05 kg (q4I0 of plutonium ( C " 99,a).
The trench remained open for about seven years before being backfilled in 1975. Field
surveys measured in the 216-Z-17 Trench before backfilling indicated 2,000 dis/min of alpha
activity.

No unplanned releases were associated with this erib .

The 216-Z-17 Trench has also been identified as the 216-Z-17 Ditch.

2.3.6 Septic Tanks and Associated Drain Fields

Five septic tanks and their associated drain fields were identified within the Z Plant
Aggregate Area.

0

0

0

2607-Z Septic Tank
2607-Z-1 Septic Tank
2607-WA Septic Tank
2607-WB Septic Tank
2607-W-8 Septic Tankt

9
10
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14
15
16
17
18
19

20
21
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26
27
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30
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37
38
39
40
41
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43
44
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The locations of these waste management units are shown on Figure 2-9.

2.3.6.1 2607-Z Septic Tank and Drain Field. The 2607-Z Septic Tank and Drain Field is
an active waste management unit located about 33.6 m (110 ft) east of the 236-Z Building.
The site g receives sanitary wastewater and septic waste s 'iAe.49 from 234-5Z and
2704-Z Buildings at a nominal rate of--m/day 2300 §6,000 gal)perday. The drain
field is located 18.6 m (61 ft) east of the 267 S'septic Ttank. The 2607-Z Septic Tank is an
11 by 3.4 by 7 m (36 by 11 by 23 ft) deep concrete box with a 95,0001 --iter (25,000-
gallet) capacity two chamber tank. The drain field consists of 36 rows of 15 cm (6 inch)
drain tile spaced at 2.4 m (8 ft) intervals. It lies in a gravel bed which extends a minimum
of 46 cm (18 inches) below the drain pipe. The excavation is backfilled forming a surface
that is below original grade. The drainfield is therefore identifiable as a large rectangular
recess in an otherwise flat field. Ti m gn began operating 'in M949a.

No radionuclides or hazardous chemicals have been associated with this unit.

2.3.6.2 2607-Z-1 Septic Tank and Drain Field. The 2607-Z-1 Septic Tank and Drain
Field is an inactive waste management unit located on the west side of the 234-5Z Building
(Figure 2-9). The source of the sanitary waste was not specified. T yste mnagemeni
nbgOpeaI
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1 No radionuclides or hazardous chemicals have been difeetly associated with this waste
2 management unit.
3
4 2.3.6.3 2607-WA Septic Tank and Drain Field. The 2607-WA Septic Tank and Drain
5 Field is an active waste management unit located immediately south of the Z Plant mobile
6 office complex (WHC 1991a). The site it receives sanitary wastes from the mobile office
7 trailers at a nominal rate of 6-m1tdey , (0. )pR da. The site includes
8 two 3,800 g 4iter (1,000 gallen) septic tanks and an abandoned septic tank plus one active
9 and one abandoned drain field. The site i0 began operating in 1968.

10
11 No radionuclides or hazardous chemicals have been associated with this waste
12 management unit.
13
14 2.3.6.4 2607-WB Septic Tank and Drain Field. The 2607-WB Septic Tank and Drain
15 Field is an active waste management unit located approximately 30 m ( south and16 east of the -Plant mobile office complex. The site i receives sanitary wastewater

....................... ...... ... .17 and septic waste from the mobile office complex. Ths wSte mana.em.n.uit began
18 operatil 4n 55

cs 19
20 No radionuclides or hazardous chemicals have been associated with this waste
21 management unit.
22
23 2.3.6.5 2607-W-8 Septic Tank and Drain Field. The 2607-W-8 Septic Tank and Drain
24 Field is an active waste management unit located northeast of the 231-Z Building. The unit-' 25 receives sanitary wastewater and septic waste from the 231-Z Building at a nominal rate of
26 -.m ay 5,500 0 (, tg) d. The reinforced concrete septic tank has a capacity
27 of 19,266 s liters (5,070 gallons). The site snagement unif began operating in 1959.28
29 No radidnuclides or hazardous chemicals have been associated with this waste
30 management unit.
31
32
33 2.3.7 Transfer Facilities, Diversion Boxes, and Pipelines
34
35 High- 6v" wastTransfer faeilities flis (also referred to as process lines ei'prees
36 seweraine) connect the major processing facilities with each other and with the various37 waste disposal and storage facilities. Most high-le'vewaste transfe lines are 7.6 cm (3 inch)
38 diameter stainless steel pipes with welded joints. Preeess These lines are generally enclosed
39 in steel reinforced concrete encasements and are set below grade. The major process lines in
40 the Z Plant Aggregate Area, and the facilities that they connect are shown on Figure 2-10.
41 The ge s pipelines are not waste management units according to the Ti-Party
42 Agreement and they will be addressed in detail under the Hanfrd-Srpus-Facilities
43 44tk

43 Deomm'ssT pvp andRCRA~ Csre Progrm. However a iie td i rpsda

44 part Z Plant past pracbte investgto (seeSection . 33.) 46 determinesf the hgh-myee

45 hsare.lam n fte aecnaiae urudn ol46 S'
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Thrcser dines tp udesa aitidhs Ce. gcribs wer nstructed of avaey rmaeilsicldn vitrebus'day~ and galvanizd et IWr 9hipuri&e dtth&
AAMS, ese rnlrnes ue cnsid&red part of ihe wst& mangem""m fnit itowbich t

fromf one process linte to another. They afe concrete boxes that were designed to eemnzn ay
waste that leaks fromf the waste transfinife connections. The diversion boxes-general

drin by graity to nearsby a tas w r any silled waste is stred. There are three
diversiont boxes in theZ lan Agrgat Ae&

a 211 Z Diversion Box Noe.-1
- 211 Z Diversion Box No. 2

231 Z 151 Sump

\'~ious pipelinies eaffed high level, mibed, andsai'watsfoZPlnprcs
buildings to efn site--dofstedsoa nis lwo lqi rceswse o ayo h
cribs was channeledthroughseveradiversi s.

% Z-Plat M pipelines are concentrated in the vicinity of Z-Plan P processing
buildings (e.g., the 231-Z and 234-5Z Buildings). As shown on Figure 2-10, a process
waste discharge line exited the east side of the 231-Z Building, running due east to the
231-Z-151 Sump. Stainless steel and, in later years, PVC pipe, connected the sump to the
216-Z-4 Trench; the 216-Z-5, 216-Z-6, and 216-Z-7 Cribs; the 216-Z-10 Reverse Well; the
216-Z-16 Crib; and to the 216-Z-17 Trench.

Aft unplanned eliease,-UN200V. 120, was identified near the 216 Z 151 Sump in
Januar' 1967. The uplanned release involved a laing waste line rom hie231 Z-Bulin.
The VAgDS indicated that the waste in wa-e4rd olelmn ciiis f any werno
identified.

Also as shown on Figure 2-10, various process waste lines ran from the 234-5Z
Building to the 216-Z-1 and 216-Z-2 Cribs; the 216-Z-1A Tile Field, the 216-Z-3 Crib; the
216-Z-9 Grib Treth; the 216-Z-12 Crib; and the 216-Z-18 Crib. The process line
discharging to the 216-Z-9 Crib T1111h also discharged to the 216-Z-8 Settling Tank and @
2-Z- French Drain (Figure 2-10).

Non-contact wastewater exited the 231-Z Building and 234-5Z Building through
vitrified clay pipes which initially discharged to the 216-Z-1/216-Z-11 Ditch system. The
216-Z-1 and 216-Z-11 Ditches are U Plant Aggregate Area waste management units. Near
the 234-5Z Building, additional non-contact wastewater was discharged to the ground through
french drains (216-Z-13, 216-Z-14, and 216-Z-15) located around the 291-Z Building (Figure
2-10).

Two diversion bxes were used to c t fth f the Z
Plan buidingcompex. 11 ZDivesion BoxC No. I isoaejutn hofhe26ZI

2-25
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1 Tile Field (Figure 2 10). 211 Z Diversion Box No. 1 is locat-ed a h iigjnto
2 between the 216 Z 1, 216 Z 2, 216 Z 3, 216 Z! A Tile Field comnplex and the 216 Z 12
3 Caib. A second diversiont box (241 Z Diversion Box No. 2) is identified just nrt f h
4 216 Z 12 G0Th. 211 Z Diversion Box No. 2 was used to route liquid wastes to a westerni

5 bypass line , when th ufgn lin beam plugged. _
6
7 In addition to the Z Piai waste pipelines, a steam heating pipe line (not shown)
8 connects the ecntnal stcamplant to Nvacus stwcetures in 200 West Psea. The steama is used
9 for building heatig purposes. After utse, condensate water was discharged to the eft Sit

10 fteneh-d-ains.
11
12 uiersn 60ih whfr6 Wate can be routed
13 froongrocessV lie r nteyeareconcrete boxes that wefret deige t9coana
14 w &1etat asfoth igh-evewast5<rnse lieencin h diversionboxks
15 iAkt;& ~ ~ rpu15 gneray drin y gravgy qw nary h tns wer ay ype aseastordwi Th&& r
16 tw ersio xr
17
18 ] oesonsx o

e 19 O i B
20 1 2 .
21
22 371a 44 24-Div& SRo f . *.. The 41-Z DiVer m BA T. i tf ve wase
23 a ms i Os d.... cribs im Ss
24 ated4abouti m( t out the 234-5ZdBuild25 50 .:,Ft"ad IW ITbf10alf
26 pd& i~l~& t a> fl 1a 2 2 ~ ~ y2w n o rt pf th 'e7- A T l i l . T i u i s a 2 1 b .I b .8 m ( 7 V My U p b y 9 M Le h g26 cnrt bo wit aordai...w......ppar...y dichrges~ to the;sdi1 coltimn approxmt
27 ( )southst then ti e to adepthf .7 m(9ft) with the pe"
28 s o .). Mu'1"pAe s q3quid
29 s s a sde
30 possrble hrough the use of changeable jumper assemibhies thatyconnect parsf wast transfer

9%31 lie.Poeswatsf h 23-ZBuldig wer'e routed 4grogh this diyersiott6 boxvt
32 te24t2-36 etinTk
33
34 Tw-mgw io lcb34 T wt 5 cm 36 )st e, 216-Z-1 Crib35 adtt 26-Z- 'Crb. A htid 15 cm (6inch) Mtainless' steel'tranfrkline runs tO Xhe Z4IAZ
36 I.... $ .. x N.U"
37
38 6,d-,i 4"e'eas 1a ,Iass.ated w I
39
40 .7 4r Dox No. The4t Ziversion Bax Nag 2 isn4iativae41 ri ~ ~ ll41 managemem itaseia wi&h h 3 z%'uing liUid was&edefsdIcrib( i
42 lia4tda tdpO0 m 32. f sthwst o8J1n 2$4Z Buildinz and approxumatelyulim(33
43 ig nhnf the 21 i2Cb27Thin .m

44 conret6 bbx with a loor drain wyhich apparndy dicages to the si~l omnarxmtl
45 35 m (5 ) thwes#~ t the upit> Jtis urkS±Xtoa epth ot 5 ( 01 woinh a u be
46 sufc fu 01 0 di i sghtly ab d g nd l 1.Muwpke ecessd 119 91d
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30 2.3.8 Basins
31

Two basins, the 207-Z Retention Basin and the 216-Z-21 Seepage Basin were identified
in the Z Plant Aggregate Area (Figure 2-11). The 216-Z-21 Seepage Basin was not
identified as a Z Plant Aggregate Area waste management unit by the Tri-Party Agreement,
but is recommended for inclusion in the AAMS (DOE/RL-992).

2.3.8.1 207-Z Retention Basin. The 207-Z Retention Basin is an inactive waste site QIh3located approximately 60 m (200 T9 ft) southeast of the 236-Z Building. The 15.3 bi2.2
by 3.1 m (50 by 40 by 10 ft) concrete structure is divided into two basins separated by a 0.3m (1 ft) thick concrete wall. There is a 1.8 m (6 ft) woven wire fence around the top of thebasins. Each basin contains a sump and a pump.

The 207-Z Retention Basin operated from 1949 to 1959 (Fiure2--I) receiving
potentially contaminated liquid waste including steam condensate and cooling water from the234-5Z Building via the D-3 piping system. Waste sent to this holding facility was then
released to the 216-Z-1(D) and 2T6Z"- I Ditch systems. This ditch system is an inactive
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1 wastewater conveyance ditch which is a U Plant Aggregate Area waste management unit.
2 Figure 2 1 shows the pernod of use of the 207 Z Rztcntionl Basin.
3
4 No releases are associated with this waste management unit.
5
6 The 207-Z Retention Basin has also been identified as the 207-Z Sump, 207-Z- Pond,
7 and 207-Z Retention Pond. Hanford drawings also identify the 2067-Z Retention Basin as
8 the 241-Z Retention Basin.
9

10 2.3.8.2 216-Z-21 Seepage Basin. The 216-Z-21 Seepage Basin is an active waste
11 management unit located approximately 100 m( east of the 234-5Z Building and 40 m
12 (13> ft) south of the 216-Z-9 Grib REn(Figure 2-11). The 216-Z-21 Seepage Basin was
13 constructed in the 1980s for discharge of non-contact condensate from the 234-5Z HVAC
14 system and storm water runoff. It also received wastewater from inlet air washing. The
15 seepage basin was constructed following backfilling of the 216-Z-19 Ditch system and
16 construction of the 216-Z-20 Crib. The seepage basin was constructed to alleviate backup of

n 17 the 216-Z-20 Crib from HVAC condensate and storm water runoff originally routed to the
18 latter crib. Storm drain lines connecting to the seepage basin run from catch basins on the
19 north side of the 234-5Z Building, and from an overflow line from the water tank deseribed
20 at the location of the "French drain/dr wel' north of the 234-5Z Building (see Seetie.
21 2.3.3.6). A storm drain connection from the east side of the 234-5Z Building is also
22 present. The draft Carbon Tetrachloride ERA Proposal (DOE/RL 1991b) indicated that
23 wastewater is discharged to the unit at a rate of approximately 9.8 x 10P7L 6 'x 1i gal)
24 litersyf ter yea. The draft ERA proposal concluded that seepage from this basin could
25 have an impact on groundwater levels in the underlying unconfined aquifer.
26
27 Historical information indicative of radionuclide or hazardous chemical waste
28 discharges to this site w e n agmenPt uhit was not found in our review of available
29 documents. wba
30
31 The 216-Z-21 Seepage Basin has also been identified as Seepage Basin 207-Z.
32
33
34 2.3.9 Burial Sites
35
36 The Z Plant Aggregate Area solid waste W stArea urial sites GrQthud were
37 established independently of the main Z Plant process facilities and have operated from
38 approximately 1944 to present. The location of the burial sites gAojnd are shown on Figure
39 2-12. The burial sites have received wastes from the Z Plant and frem various sources
40 throughout the Hanford Sit6, i&udfingffe PFP. Solid waste disposal facilities include
41 caissons and various types of burial trenches. Burial grounds generally consist of one or
42 more of these solid waste disposal facilities. Caissons consist of concrete/steel chambers set
43 below ground surface with an associated steel riser pipe through which waste packages were
44 dropped into the caisson. Caissons are typically ventilated to reduce exposures to personnel
45 depositing waste packages. Drepehutes CO were ' eensist of vertical
46 steel casing or open-ended 55-gallon drums welded end-to-end set vertically in an excavation.
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1 After filling with solid waste packages, the drep-ehutes TaibI1n were backfihled and capped2 with concrete.
3
4 The following solid waste burial grounds are located within the Z Plant Aggregate5 Area. These include:
6
7 * 218-W-1 Burial Ground
8 * 218-W-IA Burial Ground
9 * 218-W-2 Burial Ground

10 * 218-W-2A Burial Ground
11 * 218-W-3 Burial Ground
12 * 218-W-3A Burial Ground
13 * 218-W-3AE Burial Ground
14 * 218-W-4A Burial Ground
15 * 218-W-4B Burial Ground
16 * 218-W-4C Burial Ground
17 * 218-W-5 Burial Ground
18 * 218-W-6 Burial Ground
19 * 218-W-11 Burial Ground
20 * Z Plant Bum Pit
21
22 Several of the above units! including the 218-W-3, 218-W-3AE, 218-W-4B, 218-W-4C,23 218-W-5, and 218-W-6 Burial Grounds| are currently being permitted under a RCRA Part B24 permit. Burial-Greunds 218-W-3A, 218-W-3AE, and 218-W-5 ur Guds are part
25 of the LawjLevel Waste Management Area (LLWMA) 3. The 218-W-4B Burial Ground is26 part of the LLWMA 4. The 218-W-6 Burial Ground is part of the LLWMA 5 (Barton et al.27 1990). t n ( the anayticaI
28 1ab&a'ois >are dsosed oain th bYrial grounds, adLW A3 LM tr, and,29 LLM r oae w4i h ln ggregate Area, the LLWMAs and th ?PP iS 30 administered under separate proga. Th uilaonsare admhinistered by

S 31 Westinboiuse YHantqrd updey the~ Whsite4 MaaeetPormweesthe PP32 adntrd nerte hm calPrcssingrogramt ~ Pi
33
34 Many of the TRU wastes disposed of in the burial grounds were placed in Radioactive35 Retrievable Storage Units which were facilities used to store 55-gallon drums or boxes36 containing radioactive mixed wastes. Waste containers were stored on underground asphalt37 pads and polyethylene-lined underground trenches. An earthen cover over the trenches38 provided radiological protection. The wastes were packaged in steel, concrete, or wood39 containers and then placed into burial trenches.
40
41 Monthly or semiannual physical and radiological surveys are made of the 200 Areas42 burial sites gro5Us. The monitoring includes investigating for undesirable weed growth,43 burial ground cave-ins, soil erosion, damaged radiation postings, boundary markers and44 fencing, damage caused by wildlife, and any other undesirable changes that may have45 occurred since the previous survey. The radiological survey includes burial ground46 monitoring or activity level monitoring to identify loose contamination, contamination spread,

2-29



DOE/RL-91-58
Draft B

1 and radioactivity uptake in plant life. These monitoring programs are described in Section2 4.0.
3
4 Sections 2.3.9.1 through 2.3.9.14 describe available data regarding the use and5 operational history of each of these facilities. Tables 2-2 and 2-3 summarize available6 information regarding the inventory of radioisotopes and other chemical compounds disposed7 of at the burial ground facilities. Table 2-4$ presents a partial inventory of hazardous8 constituents disposed of to the 218-W-3A, 218-W-3AE, 218-W-4C, and 218-W-5 Burial9 Grounds.

10
11 2.3.9.1 218-W-1 Burial Ground. The 218-W-1 Burial Ground is an inactive waste12 management unit located on the east side of Dayton Avenue opposite the Radioactive Mixed13 Waste Storage Facility. The 158.9 m IA2& 6b1 .m9.7fst
14 (52j48r0ffit consists of 15 trenches running in an east-west direction. Twelve of15 these trenches are 2.4 m (8 ft) deep, 1.5 m (5 ft) wide at the bottom, and 4.9 m (16 ft) wide16 at ground level. The other three are 2.7 m (9 ft) deep flat bottom trenches with a 7.3 m (2417 ft) surface width. There are two gravel roads running east-west through the burial ground.18 The site MR has been retired and stabilized.

(7 19
20 The 218-W-1 Burial Ground received tansuranie T and mixed solid waste from21 1944 to 1953.
22
23 An Tee unplanned release#, UPRU% -200-W-11, UP-20 -4,and UP-00-W-
24 4 is associated with this waste management unit (Table 2-). In 1952, a fre released25 plutonium contamination to 200,000 dis/min inside and 30,000 dis/min outside the burial26 ground (WHC 1991a). 198" , b0s r al e os t.s n
27 cothurmnadn .r Wh orofabdl rn8(UR 0R 4). Radiation survey redigs at

-28 ttiieofteslirne p t6 2<9'00Thyihfbr Fot remediaior. the. contamrinated so

30 vvTheap218-W-t BurialGr;dhas2 alsot beenal ientid asUthe2DryWaste BurialGrud

0'~~~~~~~~~~. 31' 41iiWI& 11o otc zczsaca~cacithhswzcmacHfui

28

33 The 218-W-1 Burial Ground has also been identified as the Dry Waste Burial Ground
34 No. 001 (Elder et al. 1987).
35
36 2.3.9.2 218-W-1A Burial Ground. The 218-W-1A Burial Ground is an inactive waste37 management unit located in the northeast part of the Z Plant Aggregate Area, near the38 218-W-6 Burial Ground. This site i contains approximately 10 trenches. There are also39 several areas used as individual burial holes, but definite locations are not known. Total40 reported depths are only available for Trench 6, which is 1.5 m (5 ft) deep, and grench 7,41 which is 6.1 in (20 ft) deep.
42
43 The 218-W-1A Burial Ground received industrial wastes including some radioisotopes44 from 1944 to 1954. This burial ground was the first large equipment burial site i used in45 the 200 West Area. Most of the equipment was buried in wooden boxes which eventually
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The 218-W-2 Burial Ground has been identified as the Dry Waste Burial Ground No.
002.

2.3.9.4 218-W-2A Burial Ground. The 218-W-2A Burial Ground is an inactive waste
management unit located about 457.5 m (1,500 ft) north of 23rd Street and 457.5 m (1,500
ft) east of Dayton Avenue. The 218-W-2A Burial Ground consists of 19 trenches of various
lengths, numbered I through 11, and 20 through 27. Trenches numbered 11 through 15
were used to bury construction cell blocks. The trenches were 4.6 m (15 ft) deep and 4.9 m
(16 ft) wide at the bottom.

The 218-W-2A Burial Ground received mixed solid waste between 1954 and 1986.
Conflicting accounts of the total volume of waste disposed of to the unit included:19,000 m3 (6711,00. fg) and 25,000 m3  (0 f by WIDSW (9 .b.m* :13 K9I) by A:1a). The burial
ground contains miscellaneous radioactive solid waste from facilities in the 200 West Area,
including tanks, concrete blocks, facility wastes, and process equipment. Sixteen trenches
were filled with dry industrial waste. Trench 27 contains contaminated soil scraped from the
216-T-4-1 Pond. Waste buried sincc Nvcmbcr 1930 docs net ontain hazadous matorials

No ecods ndi a ta zrdus Waste hasfbeen deposited in thsewase tsatr98
Ede et al. 1987). Th DndatthatOf the 25,000 m(33,ft)XOf waste

contained in the unit, only 340 m3 (12OO0Lt) were disposed of after November 1980
9 The waste disposed of before November 1980 is both low-level and

byproduct, while the waste disposed of since that date is strictly lowplevel.
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rotted and caused settling of the ground surface. Most of these depressions were filled in
1975.

No releases are asseeiated with this-waste-mwngcment-unit. ihKQddWb-di:
colpsdduig uia nthe 21 -A uivGrudcusn pt!y.ground contamination

The 218-W-1A Burial Ground has also been identified as the Industrial Waste Burial
Ground No. 1.

2.3.9.3 218-W-2 Burial Ground. The 218-W-2 Burial Ground is an inactive waste
management unit located east of Dayton Avenue and 610 m (2,000 ft) north of 19th Street.
The 218-W-2 Burial Ground consists of 20 miscellaneous dry waste trenches, running east-
west with bottom widths of 1.5 m (5 ft) and lengths ranging from 141.2 to 143.7 m (463 to
471 ft). .

The 218-W-2 Burial Ground received miscellaneous unsegregated dry waste from 1953
to 1956. The site T has been retired and stabilized.

No releases arc aiaod vith were rprthis waste management unit i
14ratr kw ed.
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1 In 1957, the collapse of a burial box caused 64S hectares( acres) of traisurfaie
2 TRU contamination to the area (Elder et al. 1987).R a unplannd

3 eeae(UR20- 4)ar isTsdinTble 2-)6
4
5 The 218-W-2A Burial Ground has also been identified as the Industrial Waste Burial
6 Ground No. 2, the 218-W-02A Burial Ground, and the 200-W Industrial Waste No. 02A.
7
8 This burial ground has been identified in a RCRA Part B permit application as a TSD
9 facility and will undergo RCRA closure. A final cap and cover in accordance with the

10 RCRA landfill standards ha$ been proposed.
11
12 2.3.9.5 218-W-3 Burial Ground. The 218-W-3 Burial Ground is an inactive waste
13 management unit located on the northeast corner of the intersection of Dayton Avenue and
14 23rd Street. The 218.4 by 155.6 m (716 by 510 ft) site R consists of 20 dry waste
15 trenches. Trenches 1 through 3 are 122 m (400 ft) in length; *tenches 4 through 20 are
16 144.9 m (475 ft) in length. Each trench is identified by a pernanent concrete post with brass

.e 17 name plate. This site M# is now retired and has been stabilized.
18

r0 19 The 218-W-3 Burial Ground received t-naasanie TfRU/mixed solid waste from 1957 to
20 1960 or 1961. The site received almost 11,000 m3 (88,0 .V of miscellaneous
21 unsegregated mixed +ransrerAie M and non-TRU timstrnie waste from various Hanford
22 Site operations.
23
24 No releases arz asscciatzd with r fpr this waste management unit the
25 IM"Nlf
26
27 The 218-W-3 Burial Ground has also been identified as the Dry Waste Burial Ground
28 No. 003.
29
30 2.3.9.6 218-W-3A Burial Ground. The 218-W-3A Burial Ground is an active waste
31 management unit located immediately southeast of the intersection of Dayton Avenue and
32 27th Street. The 381.3 m (1,250 ft) long, irregularly shaped site it consists of 61 dry and
33 industrial waste trenches which run in an east-west direction. Seven of the trenches are
34 163.2 m (535 ft) long, thirty-five are 283.7 m (930 ft) long, and ten are 274.5 m (900 ft)
35 long. The remaining trenches range in length from 122.9 to 156.1 m (403 to 512 ft).
36 Trench depths range from 3.7 to 5.8 m (12 to 19 ft). Each trench location is identified by a
37 permanent concrete post with a brass name plate. Seven of the 61 trenches have been fully
38 backfilled and the surface has been stabilized. Tble 2-5 s ...b ...en.o.y39 1 low 0

ormat or the]pW B iround.
40
41 Since 19740, the 218-W-3A Burial Ground site has received over 99,000 m3
42 (5O, of transuranie TRU/mixed solid waste from various Hanford Site operations.
43
44 No releases are asociaed with i W fi& this waste management unit iith
45 mr r w
46
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The 218-W-3A Burial Ground has also been identified as the Dry Waste Burial Ground
No. 03A.

This burial ground has been identified in a RCRA Part B permit application as a TSD
facility and will undergo RCRA closure. A final cap and cover in accordance with the
RCRA landfill standards hay been proposed.

2.3.9.7 218-W-3AE Burial Ground. The 218-W-3AE Burial Ground is an active waste
management unit bordered on the north by 27th Street and on the west by Dayton Avenue.
The irregularly shaped site consists of 28 trenches of varying sizes. Trench 2E is 380
by 5.5 m (1,246 by 18 ft) (bottom), 405.7 by 14 m) (1,330 by 46 ft) (surface), and 14.9 m
(6 ft) deep with a minimum of 2.4 m (8 ft) of backfill. Trench 5E is 327.9 * 14.6 in
(1,075 e 48 ft) (bottom), 422.4 * 32.9 m (1,385 * I.108 ft) (surface), and 6.1 m (20
ft) deep with a minimum of 2.4 m (8 ft) of backfill. Trench 10 E is 364.5 * 12.2 m
(1,195 * 40 ft) (bottom), 459* 28.7 m (1,505 * l 94 ft) (surface), and 5.5 in (18 ft)
deep, with a minimum of 2.4 m (8 ft) of backfill. Each trench location is identified with a
concrete post with brass name plate. Tab -s m a b n t f a

*~k' ~ck~x...,~Vw ~. m...

Since 198-2, the 218-W-3Ag Burial Ground has received 21,390 m3 (7'55,39)
mixed solid waste. Wastes disposed of to the site It include miscellaneous wastes such as
rags, paper, rubber gloves, disposal supplies, broken tools, and industrial waste such as
failed equipment, tanks, pumps, ovens, agitators, heaters, hoods, jumpers, and accessories.

No releases am associatod with '&Erh' this waste management unit %,e

The 218-W-3AE Burial Ground has also been identified as the Industrial Waste Burial
Ground No. 3AE and Dry Waste Burial Ground No. 3AE.

This burial ground has been identified in a RCRA Part B permit application as a TSD
facility and will undergo RCRA closure. A final cap and cover in accordance with the
RCRA landfill standards ha.s been proposed.

2.3.9.8 218-W-4A Burial Ground. The 218-W-4A Burial Ground is an inactive waste
management unit located near the southeast corner of the intersection of 27th Avenue and
Dayton Avenue. The site i consists of 21 filled trenches which run east-west and eight
drop chutes. A small miscellaneous trench runs north-south at the east end of tTrench 11.
All trenches are 9.2 m (30 ft) wide and 4.9 in (16 ft) deep and range in length from 149.5 to
295.5 m (490 to 969 ft). Each trench location is identified by a permanent concrete post
with a brass name plate.

Two caissons are located between Trenches 17, 18, and 19 at their east end. Both
consist of 6.5 cm (26 inch) diameter, 12 gauge well casing extended 14.6 in (48 ft) below
grade. Both have 82.5 cm (33 inch) thick concrete cover blocks. Six 4.6 m (15 ft) deep
caissons were installed in Trench 16. These are made of 55-gallon steel drums welded
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1 together with the ends cut out (except the bottom of the lower drum) and placed on end with
2 the upper surface at ground level. After use, soil was shoveled into these wells to absorb the3 high gamma radiation given off by the wastes deposited.
4
5 The 218-W-4A Burial Ground received traneuraMe TRU/mixed solid waste from 1958
6 to 1968. The site received almost 18,000 m3 (16,Qft)of miscellaneous dry,
7 unsegregated mixed ransurarie T and non-TRU transumnie waste.
8
9 Four unplanned releases are associated with this burial ground: UPR-200-W-16,

10 UPR-200-W-26, UPR-200-W-53, and UPR-200-W-72 s
11
12 This waste management unit has not been identified by any other designation than the
13 218-W-4A Burial Ground.
14
15 2.3.9.9 218-W-4B Burial Ground. The 218-W-4B Burial Ground is an active waste
16 management unit for tfrasuranie Tr/mixed waste located near the northeast corner of the17 intersection of Dayton Avenue and 19th Street. The 218-W-4B Burial Ground consists of 13- 18 trenches and 12 caissons. Caissons which received transuranie TRU waste consist of19 concrete and steel covered vaults. Caissons which received low level waste were constructed
20 of corrugated pipe with a concrete bottom and top. Both types of caissons were used for the21 disposal of solid wastes from hot cell operations. Two trenches and four caissons (contained22 in a third trench) contain retrievable stored transrtanie TRU waste. Of the remaining eleven23 trenches, ten contain unsegregated lowlevel and transuranie TRU waste and one contains
24 lowlevel waste. Within the trench containing the four transuranic caissons are an additional
25 seven lowleve, caissons. Trenches 1 through 6 and 8 contain unsegregated mixed
26 tr=suraie TRU and nonQ|( trasanie waste. Trench 9 contains unsegregated

>' 27 transuraie '1TRU waste. Trenches 10, 12, and 13 contain non_ trasanie waste. No
28 nformation was available concerning Trenches 7 and 11.
29
30 The row of 12 caissons includes 5 alpha caissons for transuranie TU waste, one UNI31 silo type caisson (for high activity waste from N Reactor), and six MFP caissons (for non-
32 TT trarmuanie and nonsegregated waste). The six MFP caissons consist of 1 silo type, I33 alpha type, and 4 dry waste caissons. The alpha type caissons weigh 11,804 kg (26,000
34 pounds). They have an 2.7 m (8.75 ft) diameter and are 3.1 m (10 ft) high, constructed
35 primarily of concrete and have a steel cover fitted with lifting lugs. The silo type caissons
36 are 9.2 m (30 ft) tall with a 3.1 m (10 ft) diameter and have a concrete base. Waste is
37 placed beneath a concrete slab 4.6 m (15 ft) below grade. Dry waste caissons are 2.4 m (838 ft) in diameter and 3.1 m (10 ft) high, constructed of corrugated metal with a concrete top
39 and bottom. Caissons are ventilated with electric blowers. Caisson air is exhausted through
40 filters to prevent contamination from occurring when wastes are dropped into the caissons.
41 The caisson trench is the only active area of the sie RhZ . All caissons are inactive except42 the-MPLegaisson 6 and Alpha Caissons 4 and 5.
43
44 The 218-W-4B Burial Ground began operations in 1967 and has received an estimated
45 10,000 m3 (l33,000ft) of waste. Of this amount, approximately 3,250 m3  7
46 consists of retrievable stored transuanie in waste. The site qt receives miscellaneous
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radioactive solid waste, the majority of which is from facilities located in the 200 West Area.
The solid waste consists of rags, paper, cardboard, plastic, pumps, tanks, process equipment,and other miscellaneous dry waste. The only nonsegregated waste received by this site was
deposited between January 1, 1967 and May 1, 1970. Records prior to May 1968 are
incomplete.

Radiation monitoring readings of 12,000 dis/min (WIDS W1 CA99]a) have been
reported in a small area of mulch (presumably placed to enhance revegetation of the area).
No other releases have been identified at this waste management unit.

The 218-W-4B Burial Ground has also been identified as the Dry Waste Burial Ground
No. 04B.

This burial ground has been identified in a RCRA Part B permit application as a TSD
facility and will undergo RCRA closure. A final cap and cover in accordance with the
RCRA landfill standards haVs been proposed.

2.3.9.10 218-W-4C Burial Ground. The 218-W-4C Burial Ground is an active waste
management unit located east of Dayton Avenue between 16th Street and 19th Street.
Hanford DWrawing I 2 3763 indicates that the site consists of 65 trenches with
space allocated for several more. Forty-eight of the trenches run east-west. Twenty-four of
these are 183.6 m (602 ft) long, nineteen are 219.3 m (719 ft) long, four are 181.2 m, (594
ft) long. and one trench is 91.2 m (299 ft) long. Seventeen trenches run north-south. Of
these, fourteen are 202.8 m (665 ft) long and three are 154.96 m (508 ft) long. The average
trench depth is about 7.6 m (25 ft).

Beginning in 1974, the 218-W-4C Burial Ground has received over 16,000 m3 W
#V) of qanstiianie TPR and mixed solid waste from Hanford Site facilities and several off-
site sources. The northernmost trench is the Naval Reactor Core Trench and also contains a
number of core barrels from Bettis Naval Station. Trench No. I contains drums with
plutonium-contaminated soil from the 216-Z-9 G-ib Trezh mining operation and
noncombustible trensufanie TXU waste. Trench No. 4 contains drums of assorted
combustible trfasuranie TRU waste and one module of noncombustible trasurane TRU
waste. Trenches No. 1, 4, 7, 20, 24, and 25 and the easterly end of No. 19 contain
retrievable waste. Trenches No. 23, 28, 48, 53, and 58 and the remainder of No. 19 receive
low level waste. T.b$2 .a.zsa nentory informain rh

MUMU

No releases are associated with this waste management unit.

The 218-W-4C Burial Ground has also been identified as the Dry Waste Burial Ground
No. 01C.

This burial ground has been identified in a RCRA Part B permit application as a TSD
facility and will undergo RCRA closure. A final cap and cover in accordance with the
RCRA landfill standards haes been proposed.
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1 2.3.9.11 218-W-5 Burial Ground. The 218-W-5 Burial Ground is an active waste
2 management unit for lowjlevel/mixed solid waste located at the southwest corner of the
3 intersection of 27th Street and Dayton Avenues. The si4e IM consists of 56 active or
4 planned trenches, all oriented east-west. Twenty-seven of the trenches are 4.6 m (15 ft)
5 wide at the bottom and 5.2 m (17 ft) deep. Of these, eighteen are 353.8 m (1,160 ft) long,
6 four are 131.2 m (430 ft) long, three are 161.65 m (530 ft) long, and two are 323.3 m
7 (1,060 ft) long. Seven trenches are 353.8 m (1,160 ft) long, 12.2 m (40 ft) wide (bottom).8 and 5.185 to 6.1 m (17 to 20 ft) deep. Each trench location is identified by a permanent
9 concrete post with a brass name plate.

10
11 The 218-W-5 Burial Ground has operated since 1986, receiving 32,500 m' (,,IT,947
12 of mixed and retrievable transuranie TtRU wastes. The AIDS indieats- that A &pt
13 204-3 kg (450 lb paunds) of lead are buried in Trench 21 and 1,684-44 kg (3,710 pounds)
14 in Trench 9 (WC41 The 218-W-5 Burial Ground may also receive defueled,
15 decommissioned nuclear submarine reactor compartments in the future, each of which
16 contains approximately 83,536 kg (184,000 1b peands) of lead. T es
17 a e r n I .he anf.
18
19 No releases are associated with this waste management unit.
20
21 This waste management unit has not been identified by any other designation than the
22 218-W-5 Burial Ground.
23
24 This burial ground has been identified in a RCRA Part B permit application as a TSD
25 facility and will undergo RCRA closure. A final cap and cover in accordance with the
26 RCRA landfill standards ha s been proposed.
27
28 2.3.9.12 218-W-6 Burial Ground. The 218-W-6 Burial Ground is a proposed waste
29 management unit for low-level/mixed solid waste which will include 28 trenches. It will be
30 located north of the 218-W-1A Burial Ground. No wastes have been disposed of at this site

~'31 unt _I 16t unlned rlea&& at the jacent 21 W B OrialGrun resblted~ i
32 roud cntainaionin he 18--6 uril Goun. emediak actions; and rretadiation

34 s yeadmn unit.
35
36 This burial ground has been identified in a RCRA Part B permit application as a TSD
37 facility. When it begins operating, it will be subject to RCRA landfill and closure standards.
38
39 2.3.9.13 218-W-11 Burial Ground. The 218-W-11 Burial Ground is an inactive waste
40 management unit located immediately north of the 218-W-1 Burial Ground. The site Uzft
41 consists of two filled burial trenches running east-west. Trench I is 78.69 m (258 ft) long.
42 Trench 2 is 45.75 m (150 ft) long. The sitei has been stabilized and reseeded with grass.
43
44 The 218-W-11 Burial Ground received low-level and mixed solid waste in 1960 (Elder
45 et al. 1987). The site Ui received an estimated 1,160 m3 (41,7O Yt3) of lowlevel/mixed
46 waste (AqDS The waste disposed of to this site nt includes lowlevel
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contaminated sluicing equipment that had been used for the uranium recovery program at the
221-U Building.

Radiation monitoring readings of 12,000 dis/min (WIDS WC199h) have been
reported in a small area of mulch (presumably placed to enhance revegetation of the area).
No other releases have been identified at this waste management unit.

This waste management unit has not been identified by any other designation than the
218-W-11 Burial Ground.

2.3.9.14 Z Plant Burn Pit. The Z Plant Bum Pit is an inactive facility used between 1950
and 1960 to burn miscellaneous nonradioactive waste material. Such materials included
office and non-hazardous laboratory waste. The burn pit was reportedly 15.3 by 12.2 by
3.1 m (50 by 40 by 10 ft) deep. Reportedly the unit received 2,000 in3 (7 ft ) of waste
material of which less than 1,000 in3  was chemical waste. the former aBum Pit is believed to be located approximately 50 in (a4"t) south of 19th Street and 150
mi east of the 231-Z Building.

2.3.10 Unplanned Releases

Twenty-one ,iUe unplanned releases were identified in the Z Plant Aggregate Area
as z:ho.Tw n Figury 2 1. w f e niad zeleases (Iiciding wlocataons of UN-
2 W23adT6 cti& U 2-43. The Hlanford

coodinte ofunpaned releas&XUN-200 W;44>werd not identifed.Upandrlss
c0oV W te otrp a6i§10MV2_ > te" - . unlne rfae
deintdwt UR r eessfo rwti the bpeations of s~ecifie'swaste

*< ~ flit

managemntn umts, 'and are c&nsidrdrttof ttwatmngme ntfrrmdain
fo reeito p urposfes.meiaio

_J waeteffianagernent unitUPareov icldfedi as Tndepehdeht sites in the TriPary Agreemenit, howeve,
hiecause~ they aecseyascaewhextigaste managemet unts. Teeoe pand 3te1rgassociated wasemngmn nt ilb drse o hri ~TherefostUfy.

With one exception, UPRT-200-W-103, no waste inventory information was identified
for the unplanned releases. Table 2-56 summarizes the known information regarding each
unplanned release and, where applicable, lists the waste management unit to which it isrelated. Most of the information available for the unplanned releases is derived from the
WLDS-(WHC '1991a).

2.4 WASTE GENERATING PROCESSES

Z Plant bgan prations in 1945 to assist in thircsigo iaitdfoos intomfetallic putonfim. Theprces itor ofl thk Z PlantAggregate Aea is ilustrated n
Figure 2 14. The roceess beganl with te infadiationa oef faium beaing el rds ini one t

2-37

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

a46



DOE/RL-91-58
Draft B

1 IHanford's 100 Areas prodution ro-factors.-This-prozoss orcates. plutoniumf fromunim0
2 Using a conctr-ated nitric acid solutiont, the plutoniumfl was oztracted fromi the iffadiatd
3 fuzel rods ini one of Ilanferd's ohefmical sepaation faciiis (B Plant or T Plant) to praeduzo -a
4 plutonium nitrate solution. Z Plant proconssed the* pltnu nirt olto no tnu5 mietal, This section describes the primary waste generating process areas and the associated
6 building locations at the Z Plant Aggregate Area which include:
7
8 * The Plutonium Isolation Facility (PIE) (231-Z Building)
9 * The Plutonium Finishing Plant (PEP) (234-5Z Building)

10 * The RECUPLEX plutonium recovery process (234-5Z Building)
I1 * The Plutonium Reclamation Facility (PRY) (236-Z Building)
12 a The Americium Recovery facility (242-Z Building)
13 * The Analytical and Development Laboratory;,
14
15 Table 2- 7 summarizes available information regarding the chemical characteristics of16 each of the waste streams produced by Z Plant Aggregate Area. wi in.lude:
17 Z T.s Faciy( 21ZThe chemicals and radionuclides that18 e Tn e orwhichar n t be (tn Z Plant Aggregate Area waste19 streams are summarized in Table 2-A. Table 2-pr lists chemicals used or stored in the Z

1 20 Plant Aggregate Area laboratory. The chemicals identified in Table 249 represent potential21 contributors to the Z Plant Aggregate Area waste stream if they are spilled or otherwise enter22 effluents, but most cannot be considered routine waste stream components. Table 2-sP lists
23 radionuclides, organic, and inorganic chemicals disposed of at Z Plant Aggregate Area waste
24 management units based on several sources listed at the bottom of the table. Sections 2.4.1
25 through 2.4.6 describe the Z Plant Aggregate Area process facilities identified above.
26
27

- 28 2.4.1 Plutonium Isolation Facility (PIF)
29
30 2.4.1.1 Process Description. The 231-Z Building (described in Section 2.3.1.2) was the

n. 31 primary location of the PIF process line. The 231-Z Building is also known as the
32 Concentration Building. The exact dates of PIF operation were ar:u butaeh.33 kb from 1945 to 1949. The PIF was described as being a seventh production step where
34 concentrated plutonium nitrate solution was further reduced to a paste. This process
35 consisted of the following steps:
36
37 * Ammonium nitrate was added to the plutonium nitrate solution, reducing the
38 plutonium to the +4 valence statet
39
40 * Sulfates and peroxide were added to the mixture, causing plutonium to precipitate
41 as plutonium peroxide;
42
43 * Nitric acid was added to this precipitate, forming a purer more concentrated
44 plutonium nitrate solution;-and
45
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216-Z-4 Trench
216-Z-5 Crib
216-Z-6 Crib
216-Z-7 Crib
216-Z-10 Reverse Weli'

2.4.2 Plutonium Finishing Plant (PFP)

2.4.2.1 Process Description. The 234-5Z Building (described in Section 2.3.1.1) was g the
primary location of the PFP process lines. t DOE operated three successive PFP process
lines to convert plutonium nitrate to plutonium metal:

0

p

0

The RG-RB line which operated from 1949 to 19 53t
The Remote Mechanical A line which operated from 1953 to 1979-and
The Remote Mechanical C line which operated from 1960 to 1973 aNfOrtM19R5
tto 98.

Each of these process lines created waste streams which contained detectable quantities
of plutonium and other tfansufmie ?.I elements (Jensen 1990).

The PFP facility contained chemical processing equipment used to convert plutonium
nitrate to plutonium oxide and then to the metal, if metal was the desired product. I

d pera Pplutonium oxide was ' produced by precipitating plutonium as
plutonium oxalate, and then filtering and calcining the precipitate. To produce the metal,
plutonium oxide was i first converted to plutonium fluoride by reacting it with hydrofluoric
acid. The fluoride was M placed in a container, which was j placed in a magnesium oxide
crucible with calcium. A reducing charge was 1 then applied to the crucible to convert the
plutonium fluoride to plutonium metal, which was i then molded into a button. Sometimes
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* This product was placed in small shipping containers and boiled using hot air to
form a wet plutonium nitrate paste.

Until 1949, the plutonium nitrate paste was shipped to Los Alamos, New Mexico for
final processing into plutonium metal. Apparently, after 1949 this concentration step was
moved to the 234-5Z Building. The wet plutonium paste output by PFP was then processed
as discussed in the following subsection.

2.4.1.2 PIEF Waste Streams. Little information was identified regarding PIF waste streams.
PIF waste streams probably included process wastes and non-contact wastewater. The
process wastes can be characterized as acidic and corrosive, high in salts, and low in organic
content. The PIF process wastes likely contained minor amounts of fission products,plutonium, and other transuaiie TU elements. Process wastes were discharged through the
231-WZ-151 Sump to various waste management units including:
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1 the buttons were remelted and cast into a finished shape. Cast forms were ft coated 0
2 with nickel and polished to enable them to be handled without spreading plutonium
3 contamination.
4
5 2.4.2.2 PFP t if Waste Streams. Wastes produced by the PFP fall into two categories:
6
7
8 * Process wastes and condensatesj-and
9 * Non-contact wastewater.

10
11 2.4.2.2.1 Process Wastes. The PFP liquid process wastes can be characterized as
12 acidic and corrosive (pH 2), high in salts, and low in organic content. The wastes contain
13 only minor amounts of fission products and low concentrations of plutonium and other
14 t-ansuranie IA elements (Jensen 1990). The waste is high in nitrates in the form of nitric
15 acid, aluminum nitrate, magnesium nitrate, ferric nitrate, and calcium nitrate. Other
16 components are aluminum fluoride, potassium hydroxide, potassium fluoride, chromium,
17 lead, and other trace metal ions.
18

rI% 19 Process wastes, including process condensates, are discharged through the 2072-Z
20 Treatment Tank (Tak $D-) where they undergo addition of sodium hydroxide, ferric nitrate,
21 and sodium nitrite for solubilization and neutralization purposes. Corrosion inhibitors such

0- 22 as sodium nitrite and aluminum compounds for solubilization were also added in this tank.
23 The effluent from this tank has a neutral pH. The treated wastes are currently transferred
24 via. pipeline to reee.iv 24-f4Y-102 Tank 102 SY at the TX -244 24L-SY Tank Farm
25 north of Z Plant hevank in the 24-TX Tank Pgru.
26
27 Prior to 1973, the waste was discharged via cribs to the soil column. The 216-Z-3 and
28 216-Z-12 Cribs were used to dispose of PFP process waste. Beginning in 1973, the ultimate
29 destination of these treated wastes was originally in single-shell, then later in double-shell
30 tanks.
31
32 2.4.2.2.2 Non-Contact Wastewater. Non-contact wastewater, e.g., wastewater which
33 does not come into direct contact with any of the plutonium separation processes, is
34 characterized as low salt, low organic, neutral to basic aqueous waste. Jensen (1990)
35 identified 80 inputs to the wastewater stream, including sanitary wastewater from drinking
36 fountains, sinks, and toilets; cooling water; steam condensate; air conditioning condensate;
37 and wastes from chemical laboratory sinks, nonradiological laboratory sinks in radiation
38 zones, wound flushing stations, eyewash stations, safety showers, floor drains, roof drains,
39 and storm sewers. The bulk of the wastewater is equipment cooling water and HVAC steam
40 condensate.
41
42 Jensen (1990) did not identify any routine contributors of chemicals to the wastewater
43 effluent and concludes that concentrations will depend on plant operations, possible chemicals
44 spills, and water quality of the river water used in the plant. Direct measurement of effluent
45 concentrations is not feasible because there is no access for sampling before the wastewater
46 exiting PFP enters the common sanitary/stormwater drain system fer-the-Z-Plan . Sampling
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and analysis of the combined effluent during periods of PFP operation has identified a
number of constituents that are elevated above background (i.e., river water); however, many
of these constituents are also elevated during periods when PFP is not in operation (Jensen
1990). Chemicals and surrogate parameters that are consistently elevated are inclu4e the

barium
calcium
fluoride
magnesium
potassium
sodium
strontium
sulfate

uranium
zinc
alpha activity
beta activity
conductivity
total dissolved solids
TOC
TOX (as Cl-).

In addition, the organic compounds acetone, methylene
been detected in plant effluent.

chloride, and chloroform have
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Non-contact wastewater is currently discharged to the 216-Z-21 Seepage Basin and the
216-Z-20 Ditch. The 216-Z-20 Ditch is an active waste management unit which is not

a Z Plant Aggregate Area waste management unit. Prior to September 1981, the
wastewater flowed to the 216-U-10 Pond through the 216-Z-19 Ditch. Prior to the
construction of the 216-Z-19 Ditch, wastewater was discharged to the 216-Z-1 and 216-Z-l 1
Ditches. The 216-Z-1, 216-Z-11, and 216-Z-19 Ditches are inactive waste management units
discussed in the U Plant AAMSR (DOE/RL 1992).

2.4.3 RECUPLEX Plutonium Recovery Process

2.4.3.1 Process Description. 6 DOE recovered plutonium from PFP waste streams using
the RECUPLEX process from 1955 to 1962. The process used solvent extraction column
technology to remove plutonium from the PFP waste streams. The RECUPLEX facility was
housed in the 234-5Z Building.

The RECUPLEX solvent extraction technology is based on the formation of an
organic-plutonium complex which is preferentially soluble in an organic solvent. This
process used nitric acid and hydrofluoric acid to convert plutonium solids to plutonium
nitrate and a TBP ...b.. ylosphate-carbon tetrachloride solvent to recover plutonium from
the purified plutonium nitrate solutions. An 85:15 ratio by volume of carbon tetrachloride to
TBP tritylphosphate was used. Other ratios were tested during the pilot plant treatability
tests, but the ratio of 85:15 gave the most satisfactory results for plutonium recovery.

Silica gel was used as a settling agent on the dissolved feed for the RECUPLEX
process. A silica gel waste settling tank (the 216-Z-8 Settling Tank), was used to hold the
backflush solution from the filters.
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1 2.4.3.2 RECUPLEX Waste Streams. The RECUPLEX process produced three primary
2 waste streams:
3
4 * Spent aqueous extractant
5 * Spent organic solvents
6 * Waste silica gell
7
8 Other waste streams produced by RECUPLEX include fabrication oil and non-contact
9 wastewater from the building sinks and equipment wash areas.

10
11 2.4.3.2.1 Spent Aqueous Extractant. The aqueous process waste is characterized as
12 acidic, high-salt, low-level radioactive liquid waste containing low levels of plutonium and
13 other transmanie g elements. Major components of the waste are nitric acid, fluoride,
14 and phosphate. Carbon tetrachloride was used in combination with DBBP to remove residual
15 plutonium from the aqueous solution prior to its discharge.
16
17 2.4.3.2.2 Spent Organic Solvent. The organic process waste is characterized as
18 slightly acidic, low salt, high organic, radioactive liquid waste with intermediate levels of
19 plutonium and other tfasuanie T t elements. Major components of the waste are carbon
20 tetrachloride/tributylphosphate, and DBBP.
21
22 With continued use, the carbon tetrachloride/tributylphosphate extraction solvent would
23 gradually degrade into carbon tetrachloride/dibutyl phosphate and lose its capacity as an
24 extractant. The mixture was periodically replaced with fresh solvent and the degraded
25 solvent discharged to the 216-Z-9 Trench. This trench was the only waste site used for
26 solvent disposal during RECUPLEX operation. The 216-Z-9 Trench received approximately
27 4 million E Hiter- (1 I0040500 k) of waste from RECUPLEX (WHC 1991a). The quantity
28 of carbon tetrachloride discharged to the trench is estimated to be approximately 83,000 to29 300,000 g liters (2,q0tdi9,00g)
30
31 2.4.3.2.3 Spent Silica Gel. The disposal history of the settled solids in the 216-Z-8
32 Settling Tank is not known. Available information suggests that the tank has never been
33 pumped out. The qDS indicated tha e 1.6 kg ( of plutonium were present
34 in the tank as of 1974 (WC ti9 ia. Hisorcafiy, liquid overflow from the 216-Z-8 *iseea
35 Gel) Settling Tank was discharged to the 216-Z-8 French Drain. Both units have been idle
36 since RECUPLEX shut down in 1962.
37
38 2.4.3.2.4 Other RECUPLEX Waste Streams. Other RECUPLEX waste streams
39 include fabrication oil and non-contact wastewater. Non-contact wastewater is currently
40 discharged to the 216-Z-20 Ditch. Prior to September 1981, the wastewater flowed to the
41 216-U-10 Pond through the 216-Z-19 Ditch. Prior to the construction of the 216-Z-19 Ditch,
42 wastewater was discharged to the 216-Z-l and 216-Z-11 Ditches.
43
44
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1 2.4.4 Plutonium Reclamation Facility (PRF)
2
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216-Z-1 & 216-Z-2 Cribs
216-Z-1A Tile Field
216-Z-18 Crib

211,0004
5,260,000
3,860,000

liters
lters

Hiters

(56,00X gaI)
(<1,389,000 ga1)

The total amount of spent carbon tetrachloride disposed of from the PRF facility to soil
was approximately 280,000 A ters
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2.4.4.1 Process Description. The PRF replaced the RECUPLEX process line after a
criticality accident forced the closure of the RECUPLEX unit in April 1962. The PRF
operated from 1964 to 1979 and again from 1984 to May 1991 in the 236-Z Building ef-the
Z-Plent. This facility is currently idle but is planned to restart operation in the near future.
The PRF was designed to reclaim plutonium from solutions and solids from PFP waste
streams. The recoverable material is treated to produce soluble plutonium as plutonium
nitrate. PRF has essentially the same mission as RECUPLEX and utilizes a similar
solvent extraction column technology. The extraction solvent used is carbon
tetrachloride/ iy pe T-BP in a 80:20 ratio by volume, whereas the ratio in the
RECUPLEX process was 85:15.

2.4.4.2 PRF Waste Streams. The primary waste streams generated by the PRF were
similar to those produced by RECUPLEX:

* Spent aqueous solutions
* Spent organic wastes
* Non-contact wastewatere

The characteristics of these wastes are essentially the same as those of the RECUPLEX
wastes described in Section 2.4.3.2.

Spent aqueous and organic wastes from the PRF were disposed of to the soil column
through a series of cribs until 1973. Cribs that are known to have received PRF wastes
include:

* 216-Z-1A Tile Field - 5/64 to 5/66, 6/66 to 10/67, 10/67 to 4/69
* 216-Z-1 & 216-Z-2 Cribs - 5/66 to 6/66, 10/67
* 216-Z-18 Crib - 4/69 to 5/731

Organic wastes from PRF processing operations in the 1980s have been containerized
and shipped to the ZPlent RMW storage complex. The organic wastes containers are
currently awaiting disposal. The carbon tetrachloride ERA proposal (DOE/RL 1991b)
estimated the total volume of all types of PRF liquid waste deposited to PRF waste
management unit as follows:
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1 2.4.5 Americium Recovery
2
3 2.4.5.1 Americium Recovery Process Description. The recovery of americium from PRF
4 waste streams started in 1964 in the 242-Z Building oftheZ-Plant. After an explosion in the
5 exchange process, this facility was shut down in 1976. The xpiT "Td'
6 aprxrhtl 50C fapaatvt to te a 'spere de etaLf9."

7
8 The process used an ion exchange technique to recover americium from the waste
9 streams. Elut *tien and regeneration of the ion exchange resin was done with nitric acid.

10
11 Americium was also recovered in the PRF using DBBP in a carbon tetrachloride
12 diluent as an extractant solvent. Ti DBBP was subsequently replaced with tributylphosphate
13 in the process.
14
15 2.4.5.2 Americium Recovery Waste Streams. Information on wastes generated from the
16 americium recovery process was not available. Presumably, these waste streams would have
17 included spent ion exchange resins, waste organic solvent, and recovered americium.
18
19
20 2.4.6 Analytical and Development Laboratories
21
22 The Z Plant analytical and development laboratories are currently housed in the 234-5Z
23 Building ef-the-Z Plant. Historically, analytical and development laboratories are also
24 reported to have been housed in the 231-Z Building (Stenner et al. 1988).
25
26 2.4.6.1 Laboratory Processes. The Z Plant laboratory currently provides analytical
27 services and supports research and development activities for the Plutonium Finishing
28 Operations. Historically, the laboratory provided the same services for the PFP. This
29 support was provided in the following ways:
30
31 e Quality assurance/quality control (QA/QC) for the plutonium processing lines;
32 * Liquid scintillation counting;-ed
33 * Preparation work for solvent extraction tests.
34
35 Present activities of this unit are limited to research and development, and associated
36 analyses needed to support production processing operations (Jensen 1990). Table 2-9I lists
37 all the chemicals and reagents known to have been used or stored in the laboratory area.
38 Exact quantities of these chemicals and reagents stored or used is not known.
39
40 2.4.6.2 Laboratory Waste Streams. There are three types of wastes produced in the
41 laboratory area:
42
43 0 Laboratory process wastes-
44 * Used or discarded analytical reagents and chemicals;-ad
45 * Wastewater from laboratory sinks and emergency showers.
46
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2.4.6.2.1 Laboratory Process Wastes. Laboratory process wastes were characterized
as slightly acidic, low salt radioactive wastes. These wastes were routed through the 241-Z-
361 $Miu Tank to various cribs. The 216-Z-3 and 216-Z-12 Cribs received laboratory
process wastes. The pH of these wastes were adjusted to between 8 and 10 in the 241-Z.
Treatment Tank prior to disposal.

2.4.6.2.2 Analytical Reagents and Chemicals. Information on the disposition of
used or discarded analytical reagents is not available. A large number of chemicals are in
use or are stored in the laboratory, as listed in Table 2-89. Laboratory chemicals are known
to have been stored in the 234-5Z Hazardous Waste Staging Area (HW/A) prior to disposal.

2.4.6.2.3 Laboratory Wastewater. Nonradiological laboratory sinks and emergency
showers in the laboratory area drain to the main sanitary wastewater system in the 234-5Z
Building. The contents of this wastewater have not been determined, but are likely to
contain intermittent releases from laboratory procedures, cleaning glassware, and chemical
spills. Wastewater containing hazardous chemicals is routed to the 241-Z Building. This
wastewater is combined with non-process wastewater and roof drain runoff from other
buildings at Z Plant. The combined effluent is currently discharged to the 216-Z-20 Crib7
whizh is diacussod in the U Plant AAMSR (DOE/RL 1992). Formerly, wastewater was
discharged in sequence to the 216-Z-1, 216-Z-11, and 216-Z-19 Ditches.

2.5 INTERACTION WITH OTHER AGGREGATE AREAS OR OPERABLE UNITS

This part of the report discusses the interaction of the Z Plant Aggregate Area with
other 200 Areas facilities and the disposal of the wastes generated. The 200 Areas has two
distinct operational areas, 200 East and 200 West (Figures 1-3 and 1-4). These are dedicated
to chemical separations and waste management.

" The B Plant, one of the original fuel separation facilities was in operation from
1945 to 1952. The bismuth phosphate process was used to separate plutonium
from irradiated uranium fuel. The plutonium was precipitated on a bismuth-
phosphate carrier in B Plant and later converted to plutonium nitrate; this took
place in the 231-Z Building and 234-5Z Building of the Z Plant Aggregate Area
(Rai et al. 1981).

* The PUREX facility separates uranium, plutonium, and neptunium from fission
products found in the production reactors' irradiated uranium fuel. The
plutonium stream after a series of purification steps, is concentrated and sent to
the PFP as plutonium nitrate to be converted to metal form. This facility was in
operation from 1956 to 1972, and was placed in a standby mode until 1983.
Operations were resumed in 1983 and then shutdown in 1988. From December
1989 to the spring of 1990, a stabilization run was operated at PUREX.
Currently, the PUREX facility is in standby mode.
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1 The 200 West Area Plants consists of the U Plant, REDOX-(St- Plant), T Plant, and Z
2 Plant. The interaction of the U Plant, REDOX "Et, and T Plants with Z Plant Aggregate
3 Area are as follows:
4
5 * The U Plant was used to recover uranium from stored radioactive waste from
6 1952 to 1958. This operational frca has a senis of tanks lozated ii the 211 U
7 Tank Farma. This tank farm has single --holled tankEs used forte soaoo
8 dicaotiv thr p ants. Atmajer s maagme

9 imt intheU Plnt Agreate reaIshe 216-U $O Pond
10 of the Z-Pmn-a . Th Pd
11 served as a sink for wastes, both nonradioactive and radioactive, from other units
12 (Rai et al. 1981). The following is a summary of these releases into the 216-U$
13 Pond
14
15 a Effluents from the 231-Z Building containing cooling water and
16 condensation from HVAC equipment, and inactive operation cells. This
17 building also sent laboratory wastes to this pond.
18
19 - Wastewater from the overflow 261-Z-19 Ditch and its predecessors 216-Z-1
20 and Z-1 Ditches was sent to 216-U Pond. This wastewater came from the
21 231-Z and 234-5Z Buildings (main processing facility of the Z Plant
22 Aggregate Area). The 216-Z-1 Ditch received cooling water and steam
23 condensate from 231-Z, 234-5Z, and 291-Z Buildings. The 216-Z-19 Ditch
24 also received uncontaminated water from the 200 West Area High Tank
25 Overflow. This water eventually was sent to the 216-U Pond. Long-term
26 use of the 216-Z-19 Ditch resulted in localized accumulation of tr-ansiranie
27 and fission products due to sorption and filtration into the upper28 sediments. These products included Pplutonium 239, 240, and 241 and
29 Admericium 241 discharges from 234-5Z and 231-Z facilities. Process
30 waste containing small quantities of plutonium was also released to the 216-

n' 31 U Pond from the 236-Z Building (PRF).
32
33 * The T Plant was one of the original bismuth phosphate fuels separation facilities
34 and was in operation from 1944 to 1956. The final concentration processing to
35 final plutonium product was done in the 234-5Z Building and the 23 1-Z Building
36 (Rai et al. 1981).
37
38 * The REDOX process (S Plant) succeeded the bismuth-phosphate yrbcds and
39 preceded the PUREX process for fuel separation. It was in operation from 1951
40 to 1967. The final product from this process, plutonium nitrate was sent to Z
41 P1 4h T4 sit tp Aefor separatien
42 pAsig(Rai et al. 1981).
43
44 Solid wastes from Hanford Site-wide sources were routed to Z-Plan 200 Wese Area
45 bgurial gOrounds for disposal.
46
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1 2.6 INTERACTION WITH RESOURCE CONSERVATION RECOVERY ACT
2 PROGRAM
3
4 Several waste management units located within the Z Plant Aggregate Area boundaries
5 are subject to RCRA (and corresponding Washington State) regulations. These includes:
6
7 - The Radicaetive Mixed Waste (RLNPA Sterago Facility is a TSD facility sub~jeo
8 to a RCRX Pe B permit;
9

10 * The 241-Z Treatment Tank is a TSD facility subject to a RCRA Part B permit.
11 Currently, only Tank D-5 is identified in the facility Part A, but Tanks D-4, D-7,
12 and D-8 are expected to be added .
13
14 * Solid Waste Burial Grounds 218-W-2A, 218-W-3A, 218-W-3AE, 218-W-4B,
15 218-W-4C, 218-W-5, and 218-W-6 are included in a RCRA Part B permit
16 application and will be closed in accordance with the TSD facility closure
17 requirementsji
18
19

re 20
21

'' 22O 23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

- The proposed Waste Rooing- --d --roc--sig QWARXP) facility, whefn it beginsg
operating, will be a TSD faci-ly subjootto RCRA Paf B pormit; and,

- The IIadeus Wastc Staging Arca (IPW'SA) is a generator accumulation activity,
not a TS8D facility, so it is not roguirod to hxvo a RCRt PaA B permit.

Three unplanned releases are located within the boundaries of waste management units
that are TSD facilities regulated under RCRA:

* UPR-200-W-45 resulted in contamination in Solid Waste Burial Ground 218-W-
2At

* UPR-200-158 resulted in contamination in Solid Waste Burial Grounds
218-W-3A and 218-W-6-an4

* UN-200-132 resulted in contamination in Solid Waste Burial Ground
218-W-4C.

Three unplanned releases are indirectly associated with the 241-Z Treatment Tank
system and could W| considered relevant for purposes of RCRA corrective action:

* UN-200-W-74;

* UN-200-W-75t-and

* UN-200-W-79.
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1 Remediation actions recommended later in this report for the waste management units
2 and unplanned releases identified above will consider necessary interactions with RCRA
3 program requirements and activities.
4
5
6 2.7 INTERACTIONS WITH OTHER HANFORD PROGRAMS
7
8 In addition to RCRA, there are several other ongoing programs that affect buildings
9 and waste management units in the Z Plant Aggregate Area. These programs inelude: 4

10 the Hanford Surmplus Failitic en4taV totfio Program; the Radiation: fa
11 Remedial Action Progr-am; the Hanford sit S8ingic ShbitakPorm anthDene1----1 .. and the -Defense
12 Waste Management Programf. T1 Envometa Rsrio Pgra s p i
13 th eomssrkrngt and RC5A- Closre rograms 1he RARA Prgaand the Shngle-S~heU
14 TakCouePormand-tho Expedited-Rcsrso Action Proposed-for toe-;00 West-Area
15
16
17 The HanfDred Supus FaailitinsdRRA Closure Program is
18 responsible for the safe and cost-effective surveillance, maintenance, and decommissioning of
19 surplus facilities at the Hanford Site. All of the major inactive buildings within the Z Plant
20 Aggregate Area are covered under this program. Te e 'Ifim ,Ws inde th. .....
21 Iinerair T r as f mangi t<>~ tk R C cosure and RARA
22 s T, 0programjest ,s
23 prjects TA< rv ste prrmmanagement 4  %dfciptetng the work. The6#kati
24 ttrgrr for Pv I roj t r omed by vari&u ndpna1 oganlti ug amatrix

n25 < <' Tt25 maamn sy'. eA"mn orKaiz %on:AKA asindWop b h program nc26 >usin t aCcoqmfatbftuth ons cn cotacount plans. Projeev statuas irponted t6 me
27 raue s maWr t y of n ng, C
28 and ARAFed 3 WQrkcaf the Hanford ISiet pertemd aforsnddRestron Operattons
29
30
31 The Radiation ArAa RomAdial AcAti t Program is conducted as pat of tho
32 Surplus Fa:ilitios Progam, and is responsible for the surveillance, maintenance,
33 decontamination, and/or interim stabilization of inactive burial grounds, cribs, ponds,
34 trenches, and unplanned releases at the Hanford Site. A major concern associated with these
35 requirements is the management and control of surface soil contamination. All of the
36 controlled access surface radiation zones and the cribs with collapse potential in the Z Plant
37 Aggregate Area are covered by this program.
38
39 The Singl S bl C1our Prora 'oesnern w st management activities

4 O>Stosr sate inei trg of ast0 inttl tflks. 4als aq4resbesthe ~env rmna
41 retrto cvte to los 43>s inl shet tnk operabol nits%&o of whiich r

MR - % V ffAAf Men

42 t~tAie ?V Te42 octe in 3Xk ZPn Ag4re<at& Atea. Th, prmr eumr rvr fti rga r
43
44
45 The Befense Waste Management Program is responsible for all actively operating
46 waste management units in the Z Plant Aggregate Area. Th failies:inelude the 241
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i Treatniank: thie 21--i $ -1,ad216&Z~5 Frenefr Drains:- 2607-Z, 26O7 /-1,
2 697*WA,)6e07WB,267i-W-4$epic anks n ra n Fiel: 2 t-Z2J Seepa as;th

3 21-W-3, ll-W- E, 28-W-B, 1 4,and 218-W-S Buia1 GrdunsAnd l i-~

4 Ievet waste process ines ndtbeir asocteddiversionf hoxe and c tanks.
5
6
7 commoint. If approod, the proposal would ental constmcting and operating a soil vapor
8 oxrfaction system to reevr earbon tetrachioride in soil bencath the 216 Z I A T:io Field,
9 -216 Z 18 Cab, and the 216 Z 9 Tronch.

10
11
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12 2 93 9 7 9

Year
Z Plant Waste Management Units 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990

Plants, Buildings, and Storage Areas
231-Z Building (PIF and Laboratories) :

232-Z Incinerator .'59 73-

234-5Z Building (PFP) '49

Tanks and Vaults -

21 6-Z-8 Settling Tank 5 2

241-Z-361 Settling Tank 4

241-Z Treatment Tank '48 4

Cribs and Drains - -

21 6-Z-1 & 21 6-Z-2 Cribs '49 52 '66 67'68'69

- 1 6-Z-3 Crib '52 '59.

216-2-5 Crib '+ :47

216-Z-7 Crib

216-Z-7 Crib 47 '67

C9 173

216-Z-16 Crib ' 6' 77

21 6-Z-18 Crib ... 69 73

21 6-Z-8 French Drain ' 62

21 64713French Drain
'4.

Figure 2-1. Z Plant Aggregate Area Timeline. (Sheet 1 of 4)
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Year
Z Plant Waste Management Units 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990

Cribs and Drains a -

21 6-Z-1 4 French Drain -4_

216-Z-1 5 French Drain

241-Z-1A Tile Field 49 ' 59 64 69

Reverse Well -

216-Z-10 Reverse Well 
a

Ponds, Ditches, and Trenches

21 6-Z-4 Trench s

216-Z-9 Trench :55 '62

21 6-Z-17 Trench -6a8

septic Tanks and Associated Drain Fields
2607-Z Septic Tank and Drain Field 49'

2607-Z-1 SeptfcTank and Drain Field

2607-WA Septic Tank and Drain Field f:

2607-WB Septic Tank and Drain Field.,,,

2607-W-8 Septic Tank and Drain Field ,s'

Diversion Boxes and Sumps -a-

241-Z Diversion Box No. a

241-Z Diversion Box NO. a

231-Z-151 Sump

Figure 2-1. Z Plant Aggregate Area Timeline. (Sheet 2 of 4)
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Year
Z Plant Waste Management Units 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990

Basins

207-Z Retention Basin .49' 59:

9216-Z-21-Seepage Basin'.:A83

Burial Sites

218 W - urial G ound - -

218-W-1A Burial Ground '44' 54

218-W-1 Burial Ground 5 *

218-W-2A Burial Ground 54 -s

218-W-3A Burial Gro nd

218-W-3A Burial Ground '
218-W3AE BurialzGround

218-W-4A Burial Ground .* .6
z 218-4ABBuriGrounda a 5: '

218-W-4BurGround z 67 :-

218-W-4C Burial Ground 7

21 8-W-5 Burial Ground -a

218-W-6 Burial Ground (Proposed Facility)

18-W- Burial Ground '6

Z Plant Bum Pit

Unplanned Releases - - -

UN-200-W-1 1I' 52

Figure 2-1. Z Plant Aggregate Area Timeline. (Sheet 3 of 4)
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Year
Z Plant Waste Management Units 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990

Unplanned Releases -

UPR-200-W-1 6 '52

UN-200-W-23 - - 53

UPR-200-W-26 
I53

UN-200-W-44 7

UPR-200-W-45 7

UPR-200-W-53 9

UPR-200-W-72 . s
UN-200-W-74 '76

UN-200-W-75

IjN-200-W-79

UPR-200-W-84

UN-200-W-89

UN-200-W-90 *85

UN-200-W-91 -.. . -85

UN-200-W-103 ' 71

UN-200-W-130 b- - 7

UN-200-W-132 "56
UPR-200-W-134 -a-

UPR-200-W-1 58 aa-

UN-200-W-159 - a- a - - -

Z Plant Aggregate Area Timeline. (Sheet 4 of 4)
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Figure 2-1.
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Scale In Feet
o soo 1000 1500

0 200 400
Scale in Meters

..... -..- .

//
272-WA 202-W

RMW Storage
JO ... 4 complex

-

'K

Z Plant
Aggregate
Area

lAcnerto ..........

2736-Z -
2736-ZB

232 -

2 91-Z-
. 242-Z--.....

232-Z
Icinerator -...

241-Z 270-Z

SHWSA

0--

291-ZB
Building Location and Number

Camnden Ave:

7 t

Figure 2-2. Location of Plants, Buildings, and Storage Areas.
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Figure 2-3. Location of Tanks and Vaults.
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Scale in Feet
0 500 1000 1500

0 200 400
Scale in Meters
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French Drain

216-Z-14
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216-Z-13
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216-Z-18iV......
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216-Z-2
Crib

2626Z3
CCrib

2216-Z--
Crib

French Drain-.
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............ i
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Figure 2-4. Location of Cribs and Drains.
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CRIB NO. 1 SURVEILLANCE WELLS
CONDUCTOR REEL CRIB NO. 2

PIPE RISER S

*z

10m

I NLET PIPE 
--

(From Redox)

rr~WATER TABLE CRIB LOCATION IN RELATION TO
GRAVEL LAYER REDOX PLANT (200-W)

D RECTIN qOF
GROU NDWATER
FLOW

DOUGLAS FIR VENT
15.2 x 20.3cm

F 2 T l

0 Figure 2-5. Typical Crib.
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1.3cm (1/2in)
THICK STEEL
COVER

l.Sm

(sf1)

In,
(aft)

1.5m
(5ft)

WID

*

AQ.

TH OF FILL a 4 TILE DIAM

0.

0*
.0

8cm (Si) ROCK

(2) 7.6cm (30in)
REINFORCED CONCRETE
TILE

ETERS

.0.
00- Scm (3in) ROCK

Figure 2-6. Typical French Drain
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Scale in Feet
500 1000

200
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216-Z-19
Ditch *
(Backfilled)
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......... . ... .....

aZ Plant
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216-Z-9 Trench Location and Number
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Figure 2-8. Location of Ponds, Ditches, and Trenches.
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Scale in Feet
500 1000

200
Scale in Meters

1500

400 /

/

K-s~- N -.---

0

A
U.

0) N &

Dayton Ave

Diversion
Box No. 2
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Figure 2-10. Location of Transfer Facilities, Diversion Boxes, and Pipelines.
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Figure 2-12. Location of Burial Sites.
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Year
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plutonium Finishing Plant - --
RG-RB Line

'47 513

RMA Line -7-

RMC Line

Recovery.Lines -

RECUPLEX

PRF
AMERICIUM '64 64 76

Z Plant Laboratory

Plutonium Isolation Facility '4"
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Figure 2-14. Z Plant Process History.
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Total Solid Waste Contaminated
Fluid Volume Volume Received Sol Volume Operable

Waste Management Unit (Aliases) Source DescriptionfIype Received in Liters in e' in b' Unit

Plants, Buildings, and Stbrage Aeas-

232-Z Incinerator Low level radioactive waste and TRU waste/LLW na o nr 200-ZP-1

-- - - -- Tanks and Vaults -

216-Z-8 Settling Tank Organic, radioactive waste from RECUPLEX process (234-5Z) ar na or 200-ZP-2
(Silica Gel Settling Tank) Building)/HLW

241-Z-361 Settling Tank Acidic, organic, radioactive waste from PFP and plutonium recovery or or or 200-ZP-1
(207-Z Settling Tank) processes (234-5Z Building, RECUPLEX process, and 242-Z

Building)/HLW

241-Z Treatment Tank (Tank D-5) Corrosive aqueous waste from 234-5Z PFP/HLW nr na nr 200-ZP-2

.... Cribs and Drains.

216-Z-1 & 216-Z-2 Cribs PRF (236-Z) and 242-Z process waste 33,700,000 na 8,300 200-ZP-1
(234-5 No. 2 Crib, 216-Z-7) 234-5Z lab wastes/HLW (38,900,000) W

216-Z-3 Crib 234-5Z process, analytical, and development wastes via 241-Z-361 178,000,000 na 1,500 200-ZP-1
(216-Z-3 Culvert, 234-5 No. 3 and Settling Tank/FLW
No. 4 Cribs, 216-Z-8 Crib)

216-Z-5 Crib Process waste from 231-Z Building via 231-Z-151 sump/HLW 31,000,000 an 210 200-ZP-2
(231-W-1 and 231-W-2 Cribs, (30,000,000)
231-W Sumps)

216-Z-6 Crib Process waste from 231-Z Building via 231-Z-151 sump/HLW 98,000 na 44 200-ZP-2
(231-W-4 Crib, 226-W4 Crib,
231-Z-6 Crib)

216-Z-7 Crib Laboratory waste from 231-Z Building and 340 laboratory/HLW 79,900,000 na 590 200-ZP-2
(231-W Trench, 231-W Crib, 231-Z-6
Crib)

0
0

00

Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 5)

to



S

Total Solid Waste Contaminated
Fluid Volume Volume Received Soil Volume Operable

Waste Management Unit (Aliases) Source Descriptionffype Received in Liters in m' in in' Unit

216-Z-12 Crib (207-Z-12 Crib) 234-5Z process, analytical, and development wastes via 241-Z-361 281,000,000 na 5,400 200-ZP-1
Settling Tank/HLW

216-Z-16 Crib Radioactive process waste from 231-Z Building/HLW 102,000,000 na 460 200-ZP-2

216-Z-18 Crib High salt, acidic, organic waste from 236-Z Building/IHLW 3,860,000 na 5,700 200-ZP-I

216-Z-8 French Drain Overflow from Z-8 Settling Tank/HLW 9,590 na 58 200-ZP-2
(234-5 RECUPLEX French Drain,
231-W-150 Dry Well, 231-W-150
Reverse Well)

216-Z-13 French Drain ET-8 turbine steam condensate and 291-Z Building floor drain/LLW or na nr 200-ZP-1

216-Z-14 French Drain ET-9 turbine steam condensate and 291-Z Building floor drain/LLW nr na nr 200-ZP-1

216-Z-15 French Drain Aqueous waste from S-12 evaporative cooler (291-Z Building)/LLW nr na nr 200-ZP-1

216-Z-IA Tile Field Overflow from 216-Z-1, 216-Z-2, or 216-Z-3 Cribs, PFP process 5,210,000 na nr 200-ZP-1
(234-5 Tile Field, "216-Z-7") wastes (234-5Z Building), PRF process waste (236-Z Building), and 6,200,000

242-Z process wastes/HLW

-Reverse Well-

216-Z-10 Reverse Well Process and laboratory waste from 231-Z Building via 231-Z-151 1,000,000 na 0.17 200-ZP-2
C216-Z-2,"231-W Reverse Well, sump/HLW
'216-Z-9," 216-Z-8 Crib)

- --- - - Ponds; Ditches, and Trenches

216-Z-4 Trench Process and laboratory waste from 231-Z Building/liLW 11,000 56 200-ZP-2
(231-W-3 Pit, Sump, or Crib, 216-Z-4
Crib, 231-W Sump)

TAy f 3 A M

Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 5)
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Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 5)

Total Solid Waste Contaminated
Fluid Volume Volume Received Soil Volume Operable

Waste Management Unit (Aliases) Source Descriptionfype Received in Liters in in' in i Unit

216-Z-9 Trench Radioactive, acidic, organic wastes from RECUPLEX process (234- 4,090,000 na 5,100 200-ZP-2
(216-Z-9 Crib, 216-Z-9 Cavern, 234-5 SZ Building), and 242-Z Building inorganic process wastes/HLW
RECUPLEX Cavern, 216-Z-10 Crib)

216-Z-17 Trench (216-Z-17 Ditch) Process waste from 231-Z Building via 231-W-151 sump/HLW 36,800,000 na 200 200-ZP-2
_______________________________________________(36,700,000) ________

Septic Tanks and Associated Drain Fields-

2607-Z Septic Tank and Drain Field Sanitary wastewater for 234-SZ and 2704-Z Buildings/NRH nr na nr 200-ZP-2

2607-Z-1 Septic Tank and Drain Sanitary wastewater/NRH nr na nr 200-ZP-2
Field 0

0
2607-WA Septic Tank and Drain Sanitary wastewater/NRH nr na nr 200-ZP-2 t
Field

2607-WB Septic Tank and Drain Sanitary wastewater from 272-WA Building/NRH nr na 200-ZP-2 w $
Field

00
2607-W-8 Septic Tank and Drain Sanitary wastewater from 231-Z Building/NRH nr na nr 200-ZP-2
Field

'Transfer Facilities, Diversion Boxes, and Pipelines - -

241-Z Diversion Box No. I Process waste from 234-5Z Building/HLW nr na nr 200-ZP-1

241-Z Diversion Box No. 2 Process waste from 234-SZ Building/HLW nr na nr 200-ZP-1

231-Z-151 Sump (231-Z-151 Sump Process and laboratory waste from 231-Z Building/HLW nr na nr 200-ZP-1
Tank, or 231-W-151 Sump)

C
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Total Solid Waste Contaminated
Fluid Volume Volume Received Soil Volume OperableWaste Management Unit (Aiases) Source Description/lype Received in Liters in e in n Unit

__________________________Basins

207-Z Retention Basin May have received contaminated waste, steam condensate, and/or nr na nr 200-ZP-2(207-Z Sump, 207-Z Pond, 207-Z cooling water/LLW
Retention Pond, 241-Z Retention
Basin)

216-Z-21 Seepage Basin Storm water runoff from north of 234-5Z building/NRH lto liters/yr na nr 200-ZP-2
(Seepage Basin 207-Z)

- .BuriaLSItes -7 77777

218-W-1 Burial Ground Transuranic mixed solid waste/LLW na 7,000 8,983 200-ZP-3(Dry Waste Burial Ground No. 001)

218-W-IA Burial Ground Mixed industrial solid waste/LLW na 16,000 20,398 200-ZP-3(Industrial Waste Burial Ground
No. 1)

218-W-2 Burial Ground Transuranic mixed solid waste/LLW na 8,200 22,927 200-ZP-3(Dry Waste Burial Ground No. 002)

218-W-2A Burial Ground Mixed industrial solid waste/LLW na 19,000 94,777 200-ZP-3(Industrial Waste Burial Ground
No. 2, 218-W-02A Burial Ground,
200-W Industrial Waste No. 02A)
218-W-3 Burial Ground Transuranic mixed solid waste/LLW na 11,000 25,292 200-ZP-3(Dry Waste Burial Ground No. 003)
218-W-3A Burial Ground Transuranic mixed solid waste/LLW na 24,000 51,144 200-ZP-3
(DTy Waste Burial Ground No. 03A) 1 24,000 1 51,144 1 200-ZP-3

9 2- y ?- Z 0 !an A 9 ;s 9

Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 5)
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"' Volume data derived from Waste Information Data System - WHC 1990a. Waste Type:
(30,000,000) Parenthetical data from Stenner et al. 1988.
na Not applicable.
nr No value reported.

HLW - high-level waste
TRU - transuranic waste
LLW - low-level waste
BYM - by-product material
NRH - non-radiological, non-hazardous waste

Table 2-1. Summary of Z Plant Aggregate Area Waste Management Units. (Sheet 5 of 5)

CD

Total Solid Waste Contaminated
Fluid Volume Volume Received Soil Volume Operable

Waste Management Unit (Aliases) Source Description/fype Received in Liters in an' in m' Unit

218-W-3AE Burial Ground Mixed industrial solid waste/LLW na 21,390 nr 200-ZP-3
(Industrial Waste Burial Ground
No. 3AE, Dry Waste Burial Ground
No. 3AE)

218-W-4A Burial Ground Transuranic mixed solid waste/LLW na 18,000 26,486 200-ZP-3

218-W-4B Burial Ground Transuranic mixed solid waste/LLW na 10,000 20,630 200-ZP-3
(Dry Waste Burial Ground No. 4B)

218-WAC Burial Ground Transuranic mixed solid waste/LLW na 16,000 9,110 200-ZP-3
(Dry Waste Burial Ground No. IC)

218-W-5 Burial Ground Low level/mixed solid waste/LLW na 32,500 nr 200-ZP-3

218-W-6 Burial Ground Low level/mixed solid waste (Proposed Facility)/LLW none none nr 200-ZP-3

218-W-11 Burial Ground Low level/mixed solid waste/LLW na 1,160 309 200-ZP-3

Z Plant Burn Pit Office and non-hazardous waste/NRH na 2,000 nr 200-ZP-2

Notes:

ULA

w'-
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 1 of 4)

Quantity of Reported Radionuclides in Unit in Ci'

Waste Management Total Pu M Othe
Unit in gm 2"U "Cs 'Ru "Sr -Co H "C j Eu Radionuclides p"Pu "Pu "Pu

Piants, Suildings, and Storage Areas

232-Z Incinerator ..--

_ _ .Tanks and Vaults

216-Z-8 Settling Tank 1,600

241-Z-361 Settling Tank 30,000 to -

75,000

241-Z Treatment Tank -

______________ _____ ________Cibsand Drains

216-Z-1 & 216-Z-2 Cribs 7,000 0.027 0.04 1.6 x 10"' 0.037 1 0.0171
(0.165) (0.0159) 2,680 992

216-Z-3 Crib

216-Z-5 Crib

216-Z-6 Crib

216-Z-7 Crib

216-Z-12 Crib

216-Z-16 Crib

216-Z-18 Crib

216-Z-8 French Drain

5,700

340

5

2,000

25,000

72

23,000

1.7 x 10-'

1.7 x 10"
2.0 x 10-

1.7 x 10-'
2.0 x 10'

0.0015

1.7 x 10-

0.048

3.6

(3.92)

0.035

200

(224)

0.053
(0.0528)

6.0 x 104

(16.9)

5.2 x 10"

2.7 x 10'"4

5.1x10'

9.3 x 10'

0.045

(0.097)

1.7
1.83

0.033
(0.0361)

200

(223)

0.051
0.0562)

0.0026

0.00048

0.0765

0.00515

0.0385

325

19.4

0.28

114

1,430

4.09

1,310

32.76 10.745

87.8

5.24

0.077

30.8

386

1.1

2
1,373 ('Ara) 1 0.13

0
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 2 of 4)

Quantity of Reported Radionuclides in Unit in C?

Waste Management Total Pu Other"

Unit in gm U 'Cs '"Ru "Sr HCo H "C "Eu Radionuclides 'Pu '"Pu "Pu

216-Z-13 French Drain - - - - - - - - - -

216-Z-14 French Drain - - --- -- -- -

216-Z-15 French Drain - - - - - - -- -

216-Z-1A Tile Field 57,000 - 0.16 5.2 x 10' 0.15 - -- - 3,432 ('rAm) - 137 37

26-Z- Reverse Well 0 - - - - Reverse Well - --

216-Z-10 Reverse We2- - -I--- -- jbb 0.14 2.8510.77

---.- .. .Ponds, Ditches, and Trenches -

216-Z-4 Trench 2 1.7 x 10' 0.035 2.7 x 1W" 0.033 - - - - - - -

216-Z-9 Trench 48,000 1.7 x 10' 0.052 1.9 x 1os 0.049 0.00395 - - - 8,580 ("'Am) - 2,190 590 w
2.0 x 10' (0.0556) (0.0535)

216-Z-17 Trench 50 5.0 x 10' - - - - - - - - - 2.87 0.225

-- - - -___ _ - Septic Tanks and Associated Drain Fields

2607-Z Septic Tank and - - - - - - - - -

Drain Field

2607-Z-1 Septic Tank and - - - - - - - - -

Drain Field

2607-WA Septic Tank and - - - -
Drain Field

2607-WB Septic Tank and - - - - -- - - -

Drain Field

2607-W-8 Septic Tank and - - - - -- - - - - -

Drain Field

Ca
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 3 of 4)

______________________Quantity of Renorted Radionuclides in Unmit in C~

Waste Management
Unit

Total Pu
in gm

Quntt of Reore Rainciei nti

InUl 'Cs "Ru "Sr "Co 1H

_________ ~~~Transfer Faaties, Dieso ead'pens_______

241-Z Diversion Box No.1 --

241-Z Diversion Box No.2 -

231-Z-151 Sump

- - --- - - - ---- - - --B a s is-- -
207-Z Retention Basin --

216-Z-21 Seepage Basin -

- - - - - - Burial Si es -

218-W-1 Burial Ground 94,000 0.0235 1.63 8.83 x 10 - - -- - 5,370 1,450
(4.15) (4.3) (3.88)

218-W-IA Burial Ground 2,000 0.302 359 5.23 x 10" - - - - 114 30.8
(997) (1,030) (932)

218-W-2 Burial Ground 126,000 46.9 4.86 5.72 x 10" .- - - - - 7,190 1,940
(10.4) (10,8) (9.7)

218-W-2A Burial Ground - - 2,766 0.0025 2,467 0.33 -

218-W-3 Burial Ground 68,000 23.5 9.15 1.31 x 10' 8.15 - - - - - - 3,880 1,050
(18.7) (19.3) (17.5)

218-W-3A Burial Ground 29,300 - 302,000 12.7 101,000 9,840 178,000 1.74 0.145 3,960 - --

218-W-3AE Burial Ground 122 - 14,300 0.0268 4,240 299 19,500 0.321 0.141 10.5

218-W-4A Burial Ground 35,400 - 39.3 8.42 x 106 35.4 - - - - 1.18
218-W-4B Trenches 48,800 - 6,410 390 89,700 - 68,500 - - 60

[2089.741

Other"
Radionulie

0

0 bU

U
0

00

"C I Pu mPu "Pu

j
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Table 2-2. Z Plant Aggregate Area Waste Management Unit Radionuclide Waste Inventory Summary. (Sheet 4 of 4)

Quantity of Reported Radionuclides in Unit in Ci'

Waste Management Total Pu Other-

Unit in grn "U "Cs "Ru "Sr "Co 
3H "C ' Eu Radionuclides "Pu "Pu 'Pu

218-W-4B Caissons 7,290 - 12,340 216 11,000 76,000 786 - 0.211 - -

218-W-4C Burial Ground 383,000 - 165,000 927 111,000 221,000 25.1 7.85 288 11,600 - - -

[3613.80]

218-W-5 Burial Ground 154 - 1,500 1.58 1,350 3,410 15,200 4.29 108 67.7 - -

218-W-6 Burial Ground - - - - - - - - - - - -

218-W-11 Burial Ground - - 0.0020 1.6 x 10 0.0009 - - - - - - - -

Z Plant Burn Pit - -- - - -- - - - - -

Notes:

a Curies decayed through 1989, except burial ground waste units, which are decayed through December 31, 1990.
b Estimated quantity present in waste stream, amount retained in settling tank is unknown.
Data obtained from WHC 1990a and Anderson et al. 1991.
Data presented in parentheses obtained from Stenner et al. 1988.
Data presented in brackets obtained from Jensen 1990.
aa Also received 1.0 Ci of 2"Am, 1.9 Ci of "Pu, and 0.00004 Ci of "Pu.
bb Also received 1.0 Ci of 2"Am, 2.0 Ci of 'Pu, and 0.00004 Ci of WPu.
** Other radionuclides are discussed in Section 2.3.9.
- indicates no applicable data found during document review.
Waste inventories indicate materials disposed of at waste management units indicated. Not all facilities listed released radionuclides to the environment.
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Table 2-3. Z Plant Aggregate Area Waste Management Unit Chemical Waste Inventory Summary. (Sheet 2 of 3)

0

Quantity of Reported Chemical in Unit in kg

Carbon f1 1fJ fAluminumfI
tean Tribuyl. Calcium Magniauto Nitri Fluoide Aluminum Ferric SodIum

Waste Management Unit Chlorida phoaphae DBBP Nitrate NSaote FAdoride NitNrt Nita Nitrate Sulfate Hydroide

-___________________ - - - - _ Pondt, Dictces, and Trnches

216-24Trench -- - -. .-

216-Z-9Trench 131,140 - - 500.000 200 - 130,000 180,000 39000 210,000 9KM 40S00 10000 -
471,000

216&Z-17Trench -

-- - -SeptieTanka and MAociated Drad. Fields -

2607-Z Sepic Tank and DrainField -- - --

2607-Z-1 Septic Tant and Drain Field - - - -

2607-WASepicTantandDrain - - - - - - --
Field

2607-WB Septic Tank and Drain Field - - - -

2607.W.Sepic Tant and Drain - -- -

Field

- - -- -- Trafer Faciliriei, Diveraion Boxes, and Pipeines- - - - ---

241-ZDiversionBoxNo.1 - - -- -

241.Z Diversion Box No.2 - - -

231.Z-151 S..p- --

Basins

241.Z Retentioa Basin - -

216--21 Seepageasi -Bat-

furial Site-

218-W-1 Barinal Ground - - -

218-W-2 Burial Ground - ---

C- 0
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Table 2

WasteManagement Unit

218-W-2A Burial Ground

218-W.3 Burial Ground

218-W-3A Burial Ground

218-W.3AE Burial Ground

218-W-4A Burial Ground

218-W4B Burial Ground

218W-4C Burial Ground

218-W-S Burial Ground

218-W-6 Burial Ground

218-W-11 Burial Ground

Z Plant Burn Pit

Notes:

-3. Z Plant Aggregate Area Waste Management Unit Chemical Waste Inventory Summary. (Sheet 3 of 3)

SQuantity of Reported Chemical in Unit in kg'
I I I I I I

Carbon

clride
tetra 

Aluminumchloide 
luorde Auminm PeleaSdiu

AlaminumSTrbutyl

phpae

DBBP Nitrate

I- I

a Not all sites have reported inventories. These inventories do not c Additional inorganics receivednecessarily list all the conhaminants disposed of at a ite. 50 kg NaCrI Additional organics received 100 kg NaC,0,
65 kg benzenes and halobenen. 100 kg N.NHSO,840 kg toe process chemicals d Maximum of range estimated in DO,07 kg acids 

- indicates no applicable dam found d
14.06 kg poison lab che.ical
7.51 kg misc. and lab chem
127 kg pain, thinners, resins, asphat
280 kg nonflammable refrigerant gas
Amounts indicated are units that have been stored on the 234-5Z-1/WSA.
They do not represent a release or disposal to the unit.

Waste inventories indicate materials disposed of at waste management units. Not all facilities listed released radionuclides to the environment.
* Value obtained using density of CCIa = 1.58 kg/L
Data obtained from WHC 1990a.

Sodium Fluoride Naum Ntri

Acd

-
tI

E/RL 1991%.
uring document reviee-

to

Marain.
Flumide
Nitrate Sulfate S diPani

U
0

00



DOE/RL-91-58
Draft B

Table 2-4. Service History of the 216-Z-1A Tile Field.

SERVCE DATES

FROM TO FUNCTION

6/49 6/52 216-Z-1 and 216-Z-2 Cribs and the 216-Z-1A Tile Field received process,
analytical, and development lab wastes from 234-5Z Building via the
241-Z-361 Settling Tank.

6/52 3/59 216-Z-1 and 216-Z-2 Cribs were bypassed. 216-Z-1A Tile Field received
the above wastes via overflow from 216-Z-3 Crib.

3/59 5/64 All portions of this site were inactive.

5/64 8/64 216-Z-1 and 216-Z-2 Cribs were still inactive. 216-Z-1A Tile Field
received aqueous and organic waste from PRF (236-Z Building).

8/64 5/66 Same as above plus received 242-Z Building Waste and Americium
Recovery (242-Z) waste.

5/66 6/66 216-Z-1 and 216-Z-2 Cribs and 216-Z-1A Tile Field received 236-Z
Building aqueous and organic waste and 242-Z Building waste while the
distribution point in 216-Z-1A Tile Field was moved from the A section
30.5 m (100 ft) down the main trunk to the B section.

6/66 10/67 216-Z-1 and 216-Z-2 Cribs were inactive; section B of the 216-Z-1A Tile
Field received aqueous and organic waste from 236-Z Building and from
the 242-Z Building, while the discharge point on 216-Z-1A was moved
23 m (75 ft) further down the main trunk.

10/67 10/67 216-Z-1 and 216-Z-2 Cribs received 236-Z and 242-Z Building wastes
while the discharge point in the 216-Z-1A Tile Field was moved 23 m
(75 ft) further down the main trunk from the B section to the C section.

10/67 3/68 216-Z-1 and 216-Z-2 Cribs were inactive; 216-Z-1A Tile Field received
236-Z and 242-Z Building wastes.

3/68 4/69 216-Z-1A Tile Field continued to receive the above wastes; 216-Z-1 and
216-Z-2 Cribs received uranium wastes from 236-Z Building.

4/69 - All portions of the 216-Z-1, 216-Z-2, 216-Z-3 Cribs and 216-Z-1A Tile
Field were retired.

2T-4
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Draft B

Table 2-5. Partial Inventory of Hazardous Constituents Disposed of to the 218-W-3A,
218-W-3AE, 218-W-4C, and 218-W-5 Burial Grounds. (Sheet 1 of 3)

218-W-3A

Constituent Minimum Inventory in kg (lb)

Lead 6,764.10 (14,899.0)
Beryllium 0.16 (0.36)
Mercury 0.95 (2.09)
Oil 4.99 (11.00)
Xylene-toluene 213.38 (470.00)
Slaked lime 14.07 (31.00)
Tar 124.85 (275.00)
Copper 18.43 (40.60)
Uranium hexafluoride 0.09 (0.20)
Hexanol 317.80 (700.00)

C7N Toluene 2,236.86 (4,927.00)
Polyurethane 22.70 (50.00)
Cadmium 1.11 (2.44)
Naphthylamine tritium 102.15 (225.00)
Xylene/pseudocumene 13.62 (30.00)
Naphthalene 135.29 (298.00)
Pseudocumene 150.27 (331.00)
Ethylene glycol 4.99 (11.00)
Glycerine 9.99 (22.00)
Isopropanol 8.76 (19.30)
Tributylphosphate 19.02 (41.90)
Xylene 281.03 (619.00)
Dibutyl phosphate 4.20 (9.26)
Isopropyl alcohol 30.15 (66.40)
Tetrahydro furan 0.90 (1.98)
Hexane 4.99 (11.00)
Normal parafin hydrocarbons 7.40 (16.30)
Trioctyl phosphine 5.86 (12.90)
Acetonitrile 75.36 (166.00)
Carbon tetrachloride 7.49 (16.50)
Kerosene 3.75 (8.27)
Barium 9.08 (20.00)
Chromium 3.63 (8.00)
Silver 2.27 (5.00)
Aliquat 336 0.81 (1.79)
Butyl acetate 2.36 (5.20)
Ethanol 0.83 (1.83)
Methanol 23.84 (52.50)

2T-5a
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Table 2-5. Partial Inventory of Hazardous Constituents Disposed of to the 218-W-3A,
218-W-3AE, 218-W-4C, and 218-W-5 Burial Grounds. (Sheet 2 of 3)

218-W-3A

Constituent Minimum Inventory in kg (lb)

Cyclohexane 1.02 (2.29)
Cyclohexanone 4.34 (9.57)
Ethanolamine 1.02 (2.29)
Amalgamated Mercury 0.45 (1.00)
Lead shielding 8,006.74 (17,636.00)

218-W-3A-E

Constituent Minimum Inventory in kg (lb)

Lead 7,028.37 (15,481.00)
Asbestos 1.36 (3.00)
Copper 2,464.31 (5,428.00)
Freon II 127.12 (280.00)
Mercury 98.06 (216.00)
Charcoal 2,179.20 (4,800.00)
Sulfuric acid 0.23 (0.50)
Chromium 202.03 (445.00)
Sodium fluoride 24,836.07 (54,705.00)
Sodium hydroxide 3,250.19 (7,159.00)
Sodium nitrate 16,612.77 (36,592.00)
Beryllium 301.91 (665.00)
Potassium chloride 3,704.64 (8,160.00)
Potassium nitrate 2,288.16 (5,040.00)
Sodium chloride 3,704.64 (8,160.00)
Sodium nitrite 1,797.84 (3,960.00)
Perchloroethylene 3,622.92 (7,980.00)
Trichloroethene 905.73 (1,995.00)
Tar 5,059.38 (11,144.00)
Aluminum nitrate 9.08 (20.00)
Silver 0.90 (1.98)
Zirconium 2,304.50 (5,076.00)

2T-5b
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Table 2-5. Partial Inventory of Hazardous Constituents Disposed of to the 218-W-3A,
218-W-3AE, 218-W-4C, and 218-W-5 Burial Grounds. (Sheet 3 of 3)

218-W-4C

Constituent Minimum Inventory in kg (lb)

Lead 265,775.23 (585,408.00)
Zirconium 136.2 (300.00)
Sodium 0.0045 (0.01)
Uranium hexafluoride 123.03 (271.00)
Nitric acid 0.67 (1.48)
Chromium 0.91 (2.00)
Mercury 0.91 (2.00)
Vinyl chloride 0.91 (2.00)
Paint thinner 4.54 (10.00)
Lead shielding 2,727.18 (6,007.00)
Sodium hydroxide 0.10 (0.22)
Slaked lime 8.17 (18.00)
Copper sulfate 26,395.56 (58,140.00)
Sodium diuranate 2,928.3 (6,450.00)
Sodium fluoride 17,597.04 (38,760.00)
Sodium nitrate 216,476.28 (476,820.00)

218-W-5

Constituent Minimum Inventory in kg (Ib)

Oil 113.50 (250.00)
Lead 181.60 (400.00)
Lead brick 1,480.04 (3,260.00)
Lead shielding 227.00 (500.00)

Source: Solid Waste Information Management System.
Westinghouse Hanford Company, Richland, Washington.

2T-5c
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 1 of 7)

Associated
Unplanned Location Waste
Release No. (Operable Unit) Date Management Reported Waste-Related History

Unit

UN-200-W-11 218-W-1 Burial 1952 218-W-1 A fire in the Burial Ground spread plutonium contamination in the
Ground Burial vicinity of Z Plant (Stenner et al. 1988).
(200-ZP-3) Ground Remedial actions, if any, were not identified.

PNL Hazard Ranking: Potentially low scoring; insufficient
__ information to score.

UN-200-W-23 234-5Z Building June 1953 na Waste box fire resulted in plutonium contamination of up to 10,000
(200-ZP-1) d/m affecting 27.9 M2 (300 ft2 ) (Stenner et al. 1988).

- Area was covered with black top and posted with access control signs.
- PNL Hazard Ranking: 0.86

UN-200-W-44 Between REDOX October 25, 1957 na - Burial box fell from flat car while in transit contaminating area of 6.1
facility and T Plant by 7.625 mn (20 by 25 ft) along railroad tracks between REDOX
(200-ZP-3) facility and T Plant.

- Release was of unidentified beta/gamma source with readings of 2
mrenVhr.
Remedial actions were not identified.

* Location not indicated.
- PNL Hazard Ranking: 0.86

UN-200-W-74 241-Z Building May 18,1976 241-Z - The line from the effluent header D-3 to the D-8 tank inside the
(200-ZP-1) Treatment building leaked alpha waste to a small area of approximately 125 cm 2

Tank (20 in?) below an overground polyethylene line.
* Maximum readings of the waste were 8,000 dis/min.
* Contaminated soil was picked up and packaged for burial.
- PNL Hazard Ranking: 0.98

0 0
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Associated
Unplanned Location Waste
Release No. (Operable Unit) Date Management Reported Waste-Related History

Unit

UN-200-W-75 241-Z Building January 9, 1975 241-Z Equipment in the D-7 Sample Cabinet contaminated by an
(200-ZP-1) Treatment unidentified beta/gamma source resulted in contamination of 21.35 m'

Tank (70 ft2) near 241-Z Building.
- Direct readings ranged from 2,000 to greater than 40,000 dis/min and

smearable readings reached 20,000 dis/min.
- Contaminated dirt was removed and placed in 55 gallon drums for

burial.
. PNL Hazard Ranking: 0.82

UN-200-W-79 * pH line leading to October 6, 1978 241-Z Two 5-foot-square areas were affected by leak in pH line: an area
241-Z Treatment Treatment under the pH meter lines and an area north of the D-7 and D-8
Tank Tank sample cabinets (WHC 1990a).
(200-ZP-1) Alpha readings indicated 500 to 2,000 dis/min.

- Decontamination at the areas was reportedly completed October 30,
1978 (WHC 1990a).

- PNL Hazard Ranking: 1.20

UN-200-W-89 236-Z Building May 29, 1985 na - Recycle Container fell from forklift platform spilling onto 0.239 m2

(200-ZP-1) (3 ft2 ) area of asphalt at southeast corner of 236-Z Building.
- Alpha readings indicated contamination up to 50,000 dis/min.

The Recycle Container was double-bagged and placed in a burial box.
- WHC (1990a) reports that area was decontaminated to background

levels and released April 4, 1985.
- PNL Hazard Ranking: Not scored

UN-200-W-90 236-Z Building May 2, 1985 na Radioactive material spilled while loading pipe sections into burial
(200-ZP-1) boxes affecting about 6.51 m2 (70 ft2) of 236-Z Building.

Alpha readings of contamination reached 10,000 dis/min.
- Area was decontaminated to background levels (WHC 1990a).
- PNL Hazard Ranking: Not scored

Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 2 of 7)
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 3 of 7)

Associated
Unplanned Location Waste
Release No. (Operable Unit) Date Management Reported Waste-Related History

Unit

UN-200-W-91 234-SZ Building December 11, 1985 na Recycle Container overturned during transport affecting area of
(200-ZP-1) unknown size near the 234-5Z Building.

- Alpha readings in affected area reached 20,000 dis/min.
- Due to snow cover on the ground, the area was covered and

contained with plastic.
- PNL Hazard Ranking: Insufficient information to score

UN-200-W-103 236-Z Building April 1971 na Approximately 0.01 kg of plutonium was released from a broken crib
(200-ZP-1) line running from the 234-SZ Building to the 216-Z-18 Crib about

3.66 m (12 ft) west and 1.83 m (6 ft) south of the 236-Z Building.
- Gross alpha contamination was found to be at 76 million dis/nin per

100 cm3 of ground.
- For remedial action, approximately one hundred 55-gallon drums of

soil were removed and buried in one of the 200 West burial grounds.
- Plutonium contamination may still be present under 1.83 m (6 ft) of

clean fill soil.
- PNL Hazard Ranking: 1.04

UN-200-W-130 231-Z-151 Sump January 20, 1967 231-Z-151 * An excavation uncovered a leaking flange.
near 231-Z Building Sump - Extent of contamination limited to soil around the waste line on the
(200-ZP-2) east side of the 231-Z-151 Sump.

- Alpha, beta, and gamma readings of up to 40,000 dis/min alpha, 100
mrem/hr beta, and 500 mrem/hr gamma were reported.

- For remediation, the waste line was repaired and covered with 15 cm
(6 in.) of clean soil.

* PNL Hazard Ranking: Potentially low scoring; insufficient
information to score
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 4 of 7)

Associated
Unplanned Location Waste
Release No. (Operable Unit) Date Management Reported Waste-Related History

Unit

UN-200-W-132 218-W-4C Burial July 6, 1956 241-UR-151 An estimated 1,900 liters of uranium feed solution for the TBP
Ground (200-ZP-3) Diversion Box process overflowed the 241-UR-151 Diversion Box (WHC 1990a)

affecting two areas approximately 11.2 and 41.92-m 2 (120 and
145 ft2).

- Affected area was excavated and backfilled after radiation survey.
- PNL Hazard Ranking: 1.04

UN-200-W-159 Near Z Plant May 1985 na * Unknown amount of 50 percent aqueous sodium hydroxide spilled to
(200-ZP-1) the ground from the PFP process line (WHC 1990a).

- The soil was removed, packaged, and disposed of off site.
* PNL Hazard Ranking: Not scored

UPR-200-W-16 218-W-4A Burial July 9, 1952 218-W-4A A dry waste fire in the burial ground spread contamination outside
Ground Burial the burial trench (Stenner et al. 1988).
(200-ZP-3) Ground Contamination extended over area in the burial ground and to the

east and west of the trench.
- Maximum readings for plutonium were 200,000 dis/min inside the

burial ground and 30,000 dis/min outside.
- Contaminated soil on south side of trench was bulldozed into the

trench. Ground on the north side was stabilized with road oil.
Nearby roads were washed down with water to remove spotty
contamination.

- PNL Hazard Ranking: 0.86

UPR-200-W-26 218-W-4A Burial November 27, 1953 218-W-4A Burial operations caused spotty contamination in burial ground
Ground Burial (Stenner et al. 1988). Ruthenium affected an area near the burial
(200-ZP-3) Ground ground and along the 200 West Area railroad line.

- Ruthenium readings in affected area outside burial ground were from
600 mrem/hr to 2 rem/hr.
Remedial actions were not identified.

A- PNL Hazard Ranking: Not scored
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Associated
Unplanned Location Waste
Release No. (Operable Unit) Date Management Reported Waste-Related History

Unit

UPR-200-W-45 218-W-2A Burial November 6, 1957 218-W-2A Wooden burial box collapsed during burial (Stenner et al. 1988)
Ground Burial affecting an estimated 80 hectares (200 acres) within the 200 West
(200-ZP-3) Ground Area and 648 hectares (1,600 acres) outside the 200 West Area with

ruthenium contamination.
- Maximum ruthenium contamination readings were 1,100 mrem/hr

(WHC 1990a).
- Most of grossly-contaminated burial ground was restored to normal

use by plowing, road grading, and water flushing. Adjacent road
surfaces were flushed with water. Uncleaned contaminated areas
were posted as radiation zones (WHC 1990a).

- PNL Hazard Ranking: Not scored due to radionuclide decay

UPR-200-W-53 218-W-4A Burial January 8, 1959 218-W-4A Burial box containing REDOX cell jumpers collapsed during
Ground backfilling operations in the burial ground affecting about 100
(200-ZP-3) hectares (250 acres), primarily with ruthenium (Stenner et al. 1988).

- Readings ranged from 50 mR/hr at the burial site to 60,000 c/m at T
Plant. Readings east of the limited area fence were up to 400 c/m.

- Contamination occurred in area extending east from the burial
ground to within 274.5 m (300 yd) of the east perimeter fence.

- For remediation, contaminated roads were washed down with water
from tank truck. Contamination was generally fixed in a 5 cm (2 in.)
layer of snow. Burial ground and several hundred yards to the east
were plowed to further fix contamination.

- PNL Hazard Ranking: Not scored because of radionuclide decay
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 5 of 7)
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Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 6 of 7)

Associated
Unplanned Location Waste
Release No. (Operable Unit) Date Management Reported Waste-Related History

Unit

UPR-200-W-72 218-W-4A Burial October 21, 1975 218-W-4A - Buried lab waste described as gross alpha and mixes fission products
Ground Burial was accidentally disturbed resulting in contamination of a 15.25 by
(200-ZP-3) Ground 15.25 mn (50 by 50 ft) area (Stenner et al. 1988).

- Beta/gamma readings of 100,000 ct/min and alpha readings of up to
70,000 dis/min were obtained.

- For remedial action, the contaminated waste was picked up and the
area was covered with 15 cm (6 in.) of sand, a layer of urea bone, a
layer of 10 mil plastic, 30 to 35 cm (12 to 14 in.) of dirt, and 7.5 to
10 cm (3 to 4 in.) of rock.

- PNL Hazard Ranking: Not scored

UPR-200-W-84 218-W-1 Burial July 23, 1980 n A liquid spill of an unknown beta/gamma source during burial of a
Ground pump resulted in contamination of the floor of the burial trench
(200-ZP.3) (Stenner et al. 1988).

* Readings indicated maximum contamination of 2,000 mrem/hr.
* For remediation, contaminated soil was picked up and placed in the

burial trench.
Location indicated on Figure 2-13-suspect
PNL Hazard Ranking: Release disposed to engineering facility - not
scored

UPR-200-W-134 218-W-1 Burial October 27, 1975 na - A waste drum labeled "transuranic" was inappropriately buried in the
Ground 218-W-1 Burial Ground (WHC 1990a).
(200-ZP-3) Although no release to the environment occurred at this time, the

handling and storage of the material did not meet standards.
For remedial actions, Atlantic Richfield Hanford Company (ARHCO)
personnel were contacted to assure that the location of the burial was
determined as accurately as possible and that no operations would be
performed that might make retrieval of the drum move difficult.
PNL Hazard Ranking: Release disposed of to engineering facility -
not scored

0

t'J.3
0~' 0

0

'0

00



0 ; 2,. 1 )I' . I 3 1 '3

Table 2-6. Summary of Unplanned Releases at the Z Plant Aggregate Area. (Sheet 7 of 7)

Associated
Unplanned Location Waste
Release No. (Operable Unit) Date Management Reported Waste-Related History

Unit

UPR-200-W-158 218-W-1A Burial June 10, 1960 na A burial box containing solid mixed waste collapsed during burial
Ground causing spotty ground contamination (WHC 1990a). Contamination
(200-ZP-3) reportedly spread generally east and southeast as far as 4.85 km

(3 ml) beyond the limited fence area.
Beta/gamma readings ranged from 60 mrem/hr at the burial site to
approximately 1,000 ct/min outside the limited area.

- _PNL Hazard Ranking: 0.82

Note: na - not available

297828'TAELLt2-S

1'-)

S.3
0\

00

0

Iw

U
0

00



S 0

Process Waste Generated Major Chemical Ionic pH Organic Radioactivity
Constituents Strength Concentration

Plutonium Finishing Plant Process Waste Nitric acid, nitrate salts, high acidic (pH 2) low low (Pu and TRU)
(PFP) fluoride neutralized

before disposal

Wastewater Sodium, fluoride, low neutral low trace alpha
sulfate

RECUPLEX Aqueous process waste Nitric acid, fluorides, high acidic low low
nitrates, phosphate

Organic solvent waste CC, TBP, DBBP low slightly acidic high intermediate (Pu and
TRU)

Spent silica gel Silica gel, Pu unknown unknown unknown TRU

Plutonium Reclamation Aqueous process waste Nitric acid, fluorides, high acidic low low
Facility (PRF) nitrates, phosphate

Organic process waste CCI4 , TBP, DBBP low slightly acidic high intermediate (Pu and
TRU)

Americium Recovery Spent ion exchange resin 'Am, resin high unknown unknown unknown (2 1 Am)

Analytical laboratory Laboratory process wastes Unknown low slightly acidic unknown unknown

Used or discarded see Table 2-9 for unknown unknown moderate to unknown
reagents potential contributors low

Wastewater sanitary and lab water low neutral/basic unknown unknown
after adjust

Plutonium Isolation Facility Process Waste Nitric acid unknown unknown low low (Pu and TRU)
(PIP) Wastewater Unknown unknown unknown unknown unknown

Table 2-7. Summary of Waste-Producing Processes in the Z Plant Aggregate Area
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Table 2-8. Chemicals and Radionuclides

Inorganic Constituents

Aluminum nitrate
Barium
Boron
Calcium
Chloride
Chromium
Copper
Fluoride
Hydrofluoric acid
Iron
Magnesium
Mercury
Nickel
Nitrate
Nitrate salts
Potassium
Silicon
Sodium
Sulfate
Zinc

Used or Produced in Separation/Recovery Processes.

Radionuclides

Plutonium fluoride
Plutonium nitrate

,Plutonium oxide
Uranium
241,Am

137CS

'Pu
2Pu

2"Pu

Ra
'Sr
34u
238u

Organic Constituents

Acetone
Caffeine
Carbon tetrachloride
Chloroform
Decane
Dibutyl phosphate (DBP)
Dibutyl butyl phosphonate (DBBP)
Monobutyl phosphate
Tributyl phosphate (TBP)
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Table 2-9. Partial List of Chemicals Used in PFP Laboratories. (Sheet 1 of 3)

Compound Name Formula

Acetic Acid CH 3COH

Acetone CH3C2H 30

Alizarin Yellow C14H80 4

Aluminum Nitrate Nonahydrate AI(NO3 ),-9HO

Aluminum Nitrate (Mono Basic) AI(OH)(NO3 )2
Aluminum Sulfate Al(S0 4)3
Ammonium Chloride NH 4C

Ammonium Hydroxide' NH4OH

Ammonium Oxalate (NH 4) 2C20 4

Ammonium Sulfate (NH4)ZSO
4

Arsenazo III "(' Arsenic compounds

Boric Acid H3BO3

Bromocresol Purple CH HBr

Carbon Tetrachloride CC14

Ceric Ammonium Nitrate Ce(NH4) 2(NO3)6

Dibutylphosphate (n-C 4H,) 2HP0 4

Ferric Ammonium Sulfate FeNH 4SO 4

Ferric Nitrate Fe(NO) 3-6H 2o

Ferrous Ammonium Sulfate (NH4) 2SO 4FeSO4-6H 2O

Ferrous Sulfamate Fe(SO3 NH 2)2
Hydrazine N2H-H 20

Hydrobromic Acid HBr

Hydrochloric Acid HCI

Hydrofluoric Acid HF

Hydrogen Peroxide H22

Hydroiodic Acid HI

Hydroxylamine Hydrochloride NH 2OH-HCI

2T-9a
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Table 2-9. Partial List of Chemicals Used in PFP Laboratories. (Sheet 2 of 3)

Compound Name Formula

Hydroxylamine Nitrate NH 2OH-HNO3

Methanol CH3OH

Naphthylamine C1 HN

Nitric Acid HNO3

Oxalic Acid HO2 CCO2H-2H20

Phosphoric Acid H3P0 4

Potassium Acetate KC2H 302

Potassium Dichromate K2CrO,

Potassium Iodate K103

Potassium Permanganate KMnO 4

Silver Oxide AgO

Sodium Bisulfate NaHSO 4

Sodium Carbonate Na2CO3

Sodium Fluoride NaF

Sodium Hydroxide NaOH

Sodium Nitrate NaNO3

Sodium Nitrite NaNO2

Sodium Oxalate Na2 C2O4

Sodium Tartrate Na2 C2H40,-2H20

Sulfamic Acid NH 2 SO 3H

Sulfonic Acid (chloro) CIHSO3

Sulfuric Acid H2SO,

Thenoyltrifluoracetone (CH)3SCOCH2 COCF,

Thymolphthalein C23O4

Toluene CHCH3

Tributylphosphate (C4H 9)3PO 4

Tri-Iso-Octylamine C24H51N

2T-9b
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Table 2-9. Partial List of Chemicals Used in PFP Laboratories. (Sheet 3 of 3)

Compound Name Formula

Tris (hydroxymethyl)Amino Methane (CH20H)3CNH 2

Xylene C6H4(CH 3)2

( Product Trademark
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Table 2-10. Radionuclides and Chemicals Disposed of to Z Plant Aggregate Area
Waste Management Units. (Sheet 1 of 2)

Radionuclides

..Ag "Kr 8Sr
"0Ag 54Mn 'Sr
2 Al "Mo '8Ta
24'Am 'Na 99 c
2 9Am t'Nb l'Te

'9Au 9"Nb "7Te
13'Ba Nb 12"Te
7Be 9Nb mTe
IDBe 59Ni 2 Ti
14C "Ni 132Th
4Ca 37Np *h
19Cd 32P 7TM
I41Ce n3 Pa 2u

'Ce 2 12Pb 4U
"'C1 "4Pb U
243Cm "Pm n'U

24sCm 2 4"9PuV
"Co 'Pu 87Y
58CO 2"Pu lay
6Co "'Ra "Y
5tCr "8Ra OZn
1Cs "Rb "Zr
137cs ..7Re
254Es 'Ru
"2Eu '%Ru
1 4Eu 3S

ISsEu '2Sb
55Fe 24Sb
s9Fe "2Sb
1"Gd "'Sb
"Ge 4SC
3 H 75Se

w I "'Sm
1291 113
1311 23'"Sn

"K
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Table 2-10. Radionuclides and Chemicals Disposed of to Z Plant Aggregate Area
Waste Management Units. (Sheet 2 of 2)

Inorganic Chemicals

Aluminum
Asbestos
Beryllium
Aluminum fluoride
Aluminum nitrate
Cadmium
Calcium nitrate
Chromium
Copper
Copper sulfate
Ferric nitrate
Fluoride
Lead
Magnesium nitrate
Mercury
Mercury - amalgamated
Nitrate
Nitric acid
Potassium chloride
Potassium nitrate
Silver
Slaked lime
Sodium
Sodium chloride
Sodium diuranate
Sodium fluoride
Sodium hydroxide
Sodium nitrate
Sodium nitrite
Sulfate
Sulfuric acid
Uranium hexafluoride
Zirconium

Organic Chemicals

Acetonitrile
Butyl acetate
Carbon tetrachloride
Charcoal
Creosote
Cyclohexane
Cyclohexanone
DDCP
Dibutyl butyl phosphonate
Dib-ulyl phosphate

thaqolamine,
ylene dyl

Freon II
Glycerine
Graphite
Hexane
Hexanol
Isopropanol
Kerosene
Methanol
Naphthylamine tritium
Normal paraffins
Oil
Paint thinner
Perchloroethylene
Polychlorinated biphenyls
Polyurethane
Pseudocumene
Tar
Tetrahydrofuran
Toluene
Tributyl phosphate
Trichloroethene
Trioctyl phosphine
Vinyl chloride
Xylenes

Sources:

- WHC 1991a and Anderson et al. 1991
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. 1 3.0 SITE CONDITIONS
2
3
4 The following sections describe the physical nature and setting of the Hanford Site, the
5 200 West Area, and the Z Plant Aggregate Area. The site conditions are presented in the
6 following sections:
7
8 * Physiography and Topography (Section 3.1)
9

10 * Meteorology (Section 3.2)
11
12 a Surface Water W bd (Section 3.3)
13
14 * Geology (Section 3.4)
15
16 * Hydrogeology (Section 3.5)
17
18 a Environmental Resources (Section 3.6)
19
20 * Human Resources (Section 3.7).
21
22 Sections describing topography, geology, and hydrogeology have been taken from
23 standardized texts provided by the Westinghouse Hanford Company (e.g., Delaney et al.
24 1991" and Lindsey et al. 1991;., ddyt a" 992) for that purpose.
25
26
27 3.1 PHYSIOGRAPHY AND TOPOGRAPHY
28
29 The following subsections describe the physical nature of the Hanford Site and the Z
30 Plant Aggregate Area with regard to surface features and topographic characteristics.
31
32 The Hanford Site (Figure 3-1) is situated within the Pasco Basin of southcentral
33 Washington. The Pasco Basin is one of a number of topographic depressions located within
34 the Columbia Basin Subprovince of the Columbia Intermontane Province (Figure 3-2), a
35 broad basin located between the Cascade Range and the Rocky Mountains. The Columbia
36 Intermontane Province is the product of Miocene continental flood basalt volcanism and
37 regional deformation that occurred over the past 17 million years. The Pasco Basin is
38 bounded on the north by the Saddle Mountains, on the west by Umtanum Ridge, Yakima
39 Ridge, and the Rattlesnake Hills, on the south by Rattlesnake Mountain and the Rattlesnake
40 Hills, and on the east by the Palouse silope (Figure 3-1).
41
42 The physiography of the Hanford Site is dominated by the low-relief plains of the
43 Central Plains physiographic region and anticlinal ridges of the Yakima Folds physiographic
44 region (Figure 3-3). Surface topography seen at the Hanford Site is the result of (1) uplift of
45 anticlinal ridges, (2) Pleistocene cataclysmic flooding, (3) Holocene eolian activity-and

& 46 (4)-landsliding. Uplift of the ridges began in the Miocene epoch and continues to the
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1 present. Cataclysmic flooding occurred when ice dams in western Montana and northern
2 Idaho were breached, allowing large volumes of water to spill across eastern and central
3 Washington. The last major flood occurred about 13,000 years ago, during the late
4 Pleistocene Epoch. Anastomosing flood channels, giant current ripples, bergmounds, and
5 giant flood bars are among the landforms created by the floods. Since the end of the
6 Pleistocene Epoch, winds have locally reworked the flood sediments, depositing dune sands
7 in the lower elevations and loess (windblown silt) around the margins of the Pasco Basin.
8 Generally, sand dunes have been stabilized by anchoring vegetation except where they have
9 been reactivated where vegetation is disturbed (Figure 3-4).

10
11 A series of numbered areas have been delineated at the Hanford Site. The 100 Areas
12 are situated in the northern part of the H TnIfd Site adjacent to the Columbia River in an
13 area commonly called the "Horn." The elevation of the (Horne is between 119 and 143 m
14 (390 and 470 ft) above mean sea level (msl) with a slight increase in elevation away from the
15 river. The 200 Areas are situated on a broad flat area called the 200 Areas plateau. The

6 200 Areas plateau is near the center of the Hanford Site at an elevation of approximately 198
17 to 229 m (650 to 750 ft) above msl. The plateau decreases in elevation to the north,
178 northwest, and east toward the Columbia River, and plateau escarpments have elevation

A9 changes of between 15 to 30 m (50 to 100 ft).

121 The 200 West Area is situated on the 200 Areas plateau on a relatively flat prominent
r22 terrace (Cold Creek Bar) formed during the late Pleistocene flooding (Figure 3-5). Cold
23 Creek Bar trends generally east to west and is essentially bisected by a flood channel that
'24 trends north to south. This terrace drops off rather steeply to the north and northwest with
- 5 elevation changes between 15 and 30 m (50 to 100 ft).
26
27 The topography of the 200 West Area is generally flat (Figure 3-1). Within the Z
28 Plant Aggregate Area, The elevation th it he Z Plant A g Area ranges
29 from about 218 m (715 ft) along the western edge of the area near the 2702-W RMW storage
'30 complex, to about 210 m (690 ft) east of the 231-Z Building (Plete--). Adeiled

gs 4i lt 2.Much of the Aggregate Area slopes
32 gently from west to east, although the northeastern part of the Aggregate Area slopes
33 westward, toward the 216Y-9 Pond west of the T Plant complex. Topography in the
34 southwestern corner of the Aggregate Area, near the 218-W-4C Burial Ground slopes to the
35 west and southwest. There are no natural surface drainage channels within the Z Plant
36 Aggregate Area.
37
38
39 3.2 METEOROLOGY
40
41 The following subsections provide information on Hanford Site meteorology including
42 precipitation (Section 3.2.1), wind conditions (Section 3.2.2), and temperature variability
43 (Section 3.2.3).
44
45 The Hanford Site lies east of the Cascade Mountains and has a semiarid climate
46 because of the rainshadow effect of the mountains. The weather is monitored at the Hanford
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1 Meteorology Station, located between the 200 East and 200 West Areas, and at other points
2 situated through the reservation. The following sections summarize the Hanford Site
3 meteorology.
4
5
6 3.2.1 Precipitation
7
8 The Hanford Site receives an annual average of 16 cm (6.3 in ip) of precipitation.
9 Precipitation falls mainly in the winter, with about half of the annual precipitation occurring

10 between November and February. Th A mAxi'mm25 yr24 hr storm even hseen
11 a5nxh)(Stone ett(9S3). ,"The axmm100 yr/24rstrmevdnt
12 isapoiaey5c 2ic) nteaeae thereare on&ly two decurrences e era
13 24-hpr amouns preiof f ;s mA(%.0-n) or more. Average winter snowfal
14 ranges from 13 cm (5.3 in gz) in January to 0.8 cm (0.31 in o) in March. The record
15 .snowfall of 62 cm (24.4 in @) occurred in February 1916 (Stone et al. 1983). During
16 December through February, snowfall accounts for about 38% of all precipitation in those
17 months.
18
19 The average yearly relative humidity at the Hanford Site for 1946 to 1980 was 54.4%.
20 Humidity is higher in winter than in summer. The monthly averages for the same period
21 range from 32.2% for July to 80% in December. Atmospheric pressure averages are higher
22 in the winter months and record absolute highs and lows also occur in the winter.

#24
25 3.2.2 Winds
26
27 The Cascade Mountains have considerable effect on the wind regime at the Hanford
28 Site by serving as a source of cold air drainage. This gravity drainage results in a northwest
29 to west-northwest prevailing wind direction TWPPS-1-9;77. The average mean monthly
30 speed for 1945 to 1980 is 3.4 ms (7.7 mph). Peak gust speeds range from 28 to 36 r/s (63
31 to 80 mph) and are generally southwest or west-southwest winds (Stone etal. 1983).
32
33 Figure 3-6 shows wind roses for the Hanford Telemetry Network (Stone et al. 1983).
34 The gravity drainage from the Cascades produces a prevailing west-northwest wind in the
35 200 West Area. In July, hourly average wind speeds range from a low of 2.3 m/s (5.2 mph)
36 from 9 to 10 a.m. to a high of 6 m/s (137 mph) from 9 to 10 p.m.
37
38
39 3.2.3 Temperature
40
41 Based on data from 1914 to 1980, minimum winter temperatures vary from -33*C
42 (-270 F) to -6*C (+22*F), and maximum summer temperatures vary from 38*C (100*F) to
43 46*C (lt10). Between 1914 and 1980, a total of 16 days with temperatures -29C (-20*F)
44 or below were recorded. There are 10 days of record when the maximum temperature failed
45 to go above -18'C (0*F). Prior to 1980, there were three summers on record when the
46 temperatures were 38*C (100*F) or above for 11 consecutive days (Stone et al. 1983).
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1
2 3.3 SURFACE WATER
3
4 The following subsections provide information on regional (Section 3.3.1), Hanford
5 Site (Section 3.3.2), and Z Plant Aggregate Area (Section 3.3.3) surface water including
6 surface water features and their relationship to Hanford areas.
7
8
9 3.3.1 Regional Surface Hydrology

10
11 Surface drainage enters the Pasco Basin from several other basins, which include the
12 Yakima River Basin, Horse Heaven Basin Walla Walla River Basin, Palouse/Snake Basin,
13 and Big Bend Basin (Figure 3-7). Within the Pasco Basin, the Columbia River is joined by
14 major tributaries including the Yakima, Snake, and Walla Walla Rivers. No perennial
15 streams originate within the Pasco Basin. Columbia River inflow to the Pasco Basin is

,*6 recorded at the United States Geological Survey (USGS) gage below Priest Rapids Dam, and
-17 outflow is recorded below McNary Dam. Average annual flow at these recording stations is
18 approximately 1.1 x 10l m3 (8.7 x 10 acre-ft) at the USGS gage and 1.6 x 10"l m3

419 (1.3 x 10' acre-ft) at the McNary Dam gage (DOE 1988b).
20
2'1 Total estimated precipitation over the basin averages less than 15.8 cm/yr (6.2

r29 in- /yr). Mean annual runoff from the basin is estimated to be less than 3.1 x 107 m3/yr
.23 (2.5 x 10' acre-ft/yr), or approximately 3% of the total precipitation. The remaining
24 precipitation is assumed to be lost through evapotranspiration with a small component
25 (perhaps less than 1%) recharging the groundwater system (DOE 1988b).
26

.28 3.3.2 Hanford-Site Surface Hydrology it
29
0 Primary surface water features associated with the Hanford Site, located near the center

4. of the Pasco Basin, are the Columbia and Yakima Rivers and their major tributaries, the
32 Snake and Walla Walla Rivers. West Lake, about 4 hectares (10 acres) in size and less than
33 0.9 m (3 ft) deep, is the only natural lake within the Hanford Site (DOE 1988).
34 Wastewater ponds, cribs, and ditches associated with nuclear fuel reprocessing and waste
35 disposal activities are also present on the Hanford Site.
36
37 The Columbia River flows through the northern part of the Hanford Site and along the
38 eastern border of the Hanford Site. This section of the river, the Hanford Reach, extends
39 from Priest Rapids Dam to the headwaters of Lake Wallula (the reservoir behind McNary
40 Dam). Flow along the Hanford Reach is controlled by Priest Rapids Dam. Several drains
41 and intakes are also present along this reach, including irrigation outfalls from the Columbia
42 Basin Irrigation Project, the Washington Public Power Supply System (WPPSS) Nuclear
43 Project 2, and Hanford Site intakes for onsite water use. Much of the northern and eastern
44 parts of the Hanford Site are drained by the Columbia River.
45
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1 Routine water-quality monitoring of the Columbia River is conducted by DOE for both
2 radiological and nonradiological parameters and has been reported by Paeifie Nerthwest
3 Labeoratry-(PNL) since 1973. ,I.Ecology) has
4 issued a Class A (excellent) quality designation for Columbia River water along the Hanford
5 Reach from Grand Coulee Dam, through the Pasco Basin, to McNary Dam. This
6 designation requires that all industrial uses of this water be compatible with other uses,
7 including drinking, wildlife habitat, and recreation. In general, the Columbia River water is
8 characterized by a very low suspended load, a low nutrient content, and an absence of
9 microbial contaminants (DOE 1988p).

10
11 Approximately one-third of the Hanford Site is drained by the Yakima River system.
12 Cold Creek and its tributary, Dry Creek, are ephemeral streams on the Hanford Site that are
13 within the Yakima River drainage system. Both streams drain areas along the western part
14 of the Hanford Site and cross the southwestern part of the Hanf6a Site toward the Yakima
15 River. Surface flow, which may occur during spring runoff or after heavier-than-normal
16 precipitation, infiltrates and disappears into the surface sediments. Rattlesnake Springs,
17 located on the western part of the Hanford Site, forms a small surface stream that flows for
18 about 2.9 km (1.8 mi) before infiltrating into the ground.
19
20
21 3.3.3 Z Plant Aggregate Area Surface Hydrology
22
23 No natural surface water bodies exist in the Z Plant Aggregate Area. The only
24 existing man-made surface water bodies are the 216-Z-21 Seepage Basin and the 207-Z
25 Retention Basin (Figure 2-11). As discussed in Section 2.3.8, the 216-Z-21 Seepage Basin is
26 an unlined infiltration basin located approximately 100 m (328$ft) southeast of the 234-5Z
27 building. The 207-Z Retention Basin consists of a pair of concrete-lined basins located
28 approximately 60 m 9i southeast of the 236-Z building.
29
30 The 200 West Area and specifically, the Z Plant Aggregate Area, is not in a designated
31 floodplain. Calculations of probable maximum floods for the Columbia River and Cold
32 Creek Watershed indicate that the 200 West Area is not expected to be inundated under
33 maximum flood conditions (DOE/RL 199la). The 216-Z-21 Seepage Basin represents
34 minor, if any, flooding potential due to the permeable nature of the underlying soil which
35 allows for rapid infiltration of surface water into the ground. The 207-Z Retention Basin
36 may present some potential for flooding; no current outlets from the basin were identified.
37 However, the low precipitation potential (0.16 m [0.i52t1 annual average) at the site
38 suggests little likelihood of flooding of the 3.1 m (19 ft) deep basin.
39
40
41 3.4 GEOLOGY
42
43 The following subsections provide information pertaining to geologic characteristics of
44 southcentral Washington, the Hanford Site, the 200 West Area, and the Z Plant Aggregate
45 Area. Topics included are the regional tectonic framework (Section 3.4.1), regional
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1 stratigraphy (Section 3.4.2), and 200 West Area and Z Plant Aggregate Area geology
2 (Section 3.4.3).
3
4 The geologic characterization of the Hanford Site, including the 200 West Area and Z
5 Plant Aggregate Area is the result of many previous site investigation activities at Hanford.
6 These activities include the siting of nuclear reactors, characterization activities for the Basalt
7 Waste Isolation Project (BWIP), waste management activities, and related geologic studies
8 supporting these efforts. Geologic investigations have included regional and Hanford Site
9 surface mapping, borehole/well sediment logging, field and laboratory sediment

10 classification, borehole geophysical studies (including gamma radiation logging), and in situ
11 and laboratory hydrogeologic properties testing.
12
13
14 3.4.1 Regional Tectonic Framework
15

.L6 The following subsections provide information on regional (southcentral Washington)
17 geologic structure, structural geology of the Pasco Basin and the Hanford Site, and regional

and Hanford Site seismology.
A9
20 3.4.1.1 Regional Geologic Structure. The Columbia Plateau is a part of the North
'1 American continental plate and lies in a back-arc setting east of the Cascade Range. It is
22 bounded on the north by the Okanogan Highlands, on the east by the Northern Rocky
23 Mountains and Idaho Batholith, and on the south by the High Lava Plains and Snake River
24 Plain (Figure 3-8).
25
26 The Columbia Plateau can be divided into three informal structural subprovinces

12/ (Figure 3-9): Blue Mountains, Palouse, and Yakima Fold Belt (Tolan and Reidel 1989).
_U These structural subprovinces are delineated on the basis of their structural fabric, unlike the
29 physiographic provinces that are defined on the basis of landforms. The Hanford Site is
M located in the Yakima Fold Belt Subprovince near its junction with the Palouse Subprovinces.

32 The principal characteristics of the Yakima Fold Belt (Figure 3-10) are a series of
33 segmented, narrow, asymmetric anticlines that have wavelengths between 5 and 34- km (3
34 and 19 mi) and amplitudes commonly less than 1 km (0.6 mi) (ReJel 94 Reidel et al.
35 1989a). The northern limbs of the anticlines generally dip steeply to the north, are vertical,
36 or even overturned. The southern limbs generally dip at relatively shallow angles to the
37 south. Thrust or high-angle reverse faults with fault planes that strike parallel or subparallel
38 to the axial trends are principally found on the north sides of these anticlines. The amount of
39 vertical stratigraphy-z' offset associated with these faults varies but commonly exceeds
40 hundreds of meters. These anticlinal ridges are separated by broad synclines or basins that,
41 in many cases, contain thick accumulations of Neegene t to Quaternary-age
42 sediments. The Pasco Basin is one of the larger structural basins in the Yakima Fold Belt
43 Subprovince.
44
45 Deformation of the Yakima folds occurred under a north-south compression and was
46 contemporaneous with the eruption of the basalt flows (Reidel 1984; Reidel et al. 1989a). 0

3-6



DOE/RL-91-58
Draft B

1 Deformation occurred during the eruption of the Columbia River Basalt Group and continued
2 through the Pliocene Epoch, into the Pleistocene Epoch, and perhaps to the present.
3
4 3.4.1.2 Pasco Basin and Hanford Site Structural Geology. The Pasco Basin, in which
5 the Hanford Site is located, is a itrcIiural depression bounded on the north by the Saddle
6 Mountains anticline, o the 0aouse Sqp, on the west by the Umtanum Ridge,
7 Yakima Ridge, and Rattlesnake Hills anticlines, and on the south by the Rattlesnake
8 Mountain anticline (Figure 3-11). The Pasco Basin is divided into the 'ahluko synelino on
9 the rth, and Cold Croek zynoline on tho south, by the Gable Mountain anticline, the

10 easternmost extension of the Umtanum Ridge anticlin&,,mteWu sni nh
11 Thc Cold Crank CyndlCnk is bsundyd en thy
12 seth by the Yaldma Ridge antioline. Both the Cold Creek and Wahluke synclines are
13 asymmetric and relatively flat-bottomed structures. The north limbs of both synclines dip
14 gently (approximately 50) to the south and the south limbs dip steeply to the north. The
15 deepest parts of the Cold Creek syncline, the Wye Barricade depression, and the Cold Creek
16 depression are approximately 12 km (7.5 mi) southeast of the Hanford Site 200 Areas, and
17 just to the west-southwest of the 200 West Area, respectively. The deepest part of the
18 Wahluke syncline lies just north of Gable Gap.
19
20 The 200 West Area is situated on the generally southward dipping north limb of the
21 Cold Creek syncline I to 5 km (0.6 to 3 mi) north of the syncline axis. The Gable
22 Mountain-Gable Butte segment of the Umtanum Ridge anticline lies approximately 4 km (2.5
23 mi) north of the 200 West Area. The axes of the anticline and syncline are separated by a
24 distance of 9 to 10 km (5.6 to 6.2 mi) and the crest of the anticline (as now exposed) is over
25 200 m (656 ft) higher than the uppermost basalt layer in the syncline axis. As a result, the
26 basalts and overlying sediments dip to the south and southwest beneath the 200 West Area.
27
28 3.4.1.3 Regional and Hanford Site Seismology. Eastern Washington, especially the
29 Columbia Plateau region, is a seismically inactive area when compared to the rest of the

NM 30 western United States (DOE 1988b). The historic seismic record for eastern Washington
31 began in approximately 1850, and no earthquakes large enough to be felt had epicenters on
32 the Hanford Site. The closest regions of historic moderate-to-large earthquake generation are
33 in western Washington and Oregon and western Montana and eastern Idaho. The most
34 significant event relative to the Hanford Site is the 1936 Milton-Freewater, Oregon,
35 earthquake that had a magnitude of 5.75 and that occurred more than 90 km (54 mi) away.
36 The largest Modified Mercalli Intensity for this event was felt about 105 km (63 mi) from
37 the Hanford site at Walla Walla, Washington, and was VII.
38
39 Geologic evidence of past moderate or possibly large earthquake activity is shown by the
40 anticlinal folds and faulting associated with Rattlesnake Mountain, Saddle Mountain, and
41 Gable Mountain. The currently recorded seismic activity related to these structures consists
42 of micro-size earthquakes. The suggested recurrence rates of moderate and larger-size
43 earthquakes on and near the Hanford Site are measured in geologic time (tens of thousands of
44 years).
45

046
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1 3.4.2 Regional Stratigraphy
2
3 The following subsections summarize regional stratigraphic characteristics of the
4 Columbia River Basalt and Suprabasalt sediments. Specific references to the Hanford Site
5 and 200 West Area are made where applicable to describe the general occurrence of these
6 units within the Pasco Basin.
7
8 The principal geologic units within the Pasco Basin include the Miocene age basalt of
9 the Columbia River Basalt Group, and overlying late Miocene to Pleistocene suprabasalt

10 sediments (Figure 3-12). Older Cenozoic sedimentary and volcaniclastic rocks underlying
11 the basalts are not exposed at the surface near the Hanford Site. The basalts and sediments
12 thicken into the Pasco Basin and generally reach maximum thicknesses in the Cold Creek
13 syncline. The sedimentary sequence at the Hanford Site i up te apprxifatoly
14 220 mn (750 ft) thick int the west czntral Celd Crock syneline, but pinches out against the
15 anticlinal structures of Saddle Mountains, Gable Mountain/Umtanum Ridge, Yakima Ridge,

,6 and Rattlesnake Hills.
'17

718 :Th o The s uprabasalt sedim sqnts arnttsqunceu t
19 pR matly- 2Z.0 1 ick S dominated by lateraly extensive deposits assigned

20 to the late Miocenef to Pliocens'age Ringold Formation and the Pleistocene-age Hanford
21 formation (Figure 3-13). Locally occurring strata deseribed nfrmEH y jeferredit as (bh pre-

22 Missoula gravels, a-diseentinueus @ Plio-Pleistocene unit, and t1g early "Palouse" soil
-23 comprise the remainder of the sedimentary sequence. The pre-Missoula gravels underlie the
24 Hanford formation in the east-central Cold Creek syncline and at the east end of Gable
?,5 Mountain anticline east and south of 200 East Area . The pre-Missoula gravels have not
26 been identified in the 200 West Area. The nature of the contact between the pre-Missoula

1 7 gravels have not been identified in the 200 West Area. The nature of the contact between
28 the pre-Missoula gravels and the overlying Hanford formation has not been completely
29 delineated . In addition, it is unclear whether the pre-

r-N Missoula gravels overlie or interfinger with the early "Palouse" soil and Plio-Pleistocene
31 unit. Magnetic polarity data indicate the unit is no younger than early Pleistocene in age

(>1 Ma m y s ps as reported in Lindsey-(-1-99-) Ber etal(1991,)
33 Relatively thin surficial deposits of eolian sand, loess, alluvium, and colluvium
34 discontinuously overlie the Hanford formation.
35
36 3.4.2.1 Columbia River Basalt Group. The Columbia River Basalt Group (Figure 3-12)
37 comprises an assemblage of tholeiltic, continental flood basalts of Miocene age. These flows
38 cover an area of more 163,0700 km2 (63,000 mi 2) in Washington, Oregon, and Idaho and
39 have an estimated volume of about 174,000 km3 (40,800 mi3) (Tolan et al. 1989). Isotopic
40 age determinations indicate that basalt flows were erupted approximately 17 to 6 Ma (fmilien
41 yeafs brafe prsot), with more than 98% by volume being erupted in a 2.5- million year
42 period (17 to 14.5 Ma) (Reidel et al. 1989b).
43
44 Columbia River basalt flows were erupted from north-northwest-trending fissures of
45 linear vent systems in north-central and northeastern Oregon, eastern Washington, and
46 western Idaho (Swanson et al. 1979). The Columbia River Basalt Group is formally divided
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1 into five formations (from oldest to youngest): Imnaha Basalt, Picture Gorge Basalt, Grande
2 Ronde Basalt, Wanapum Basalt, and Saddle Mountains Basalt. Of these, only the Picture
3 Gorge Basalt is not known to be present in the Pasco Basin. The Saddle Mountains Basalt,
4 divided into the Ice Harbor, Elephant Mountain, Pomona, Esquatzel, Asotin, Wilbur Creek
5 and Umatilla members (Figure 3-12), forms the uppermost basalt unit throughout most of
6 the Pasco Basin. The Elephant Mountain egember is the uppermost unit beneath most of
7 the Hanford Site except near the 300 Area where the Ice Harbor .ml lember is found and
8 north of the 200 Areas where the Saddle Mountains Basalt has been eroded down to the
9 Umatilla m(9ember locally. On anticlinal ridges bounding the Pasco Basin, erosion-hs

10 removed the Saddle Mountains Basalt s ay sn exposing the Wanapum and Grande
11 Ronde Basalts.
12
13 3.4.2.2 Ellensburg Formation. The Ellensburg Formation consists of all sedimentary units
14 that occur between the basalt flows of the Columbia River Basalt Group in the central
15 Columbia Basin. The Ellensburg Formation generally displays two main lithologies:
16 volcaniclastics ( a e 9 itfe .199), and siliciclastics (DOE 1988b).
17 The volcaniclastics consist mainly of primary pyroclastic air fall deposits and reworked
18 epiclastics derived from volcanic terrains west of the Columbia Plateau. Siliciclastic strata in
19 the Ellensburg Formation consists of clastic, plutonic, and metamorphic detritus derived from
20 the Rocky Mountain terrain. These two lithologies occur as both distinct and mixed in the
21 Pasco Basin. A detailed discussion of the Ellensburg Formation in the Hanford Site is given

c^~ 22 by Reidel and Fecht (1981). Smith et al. (1989) provide a discussion of age equivalent units
23 adjacent to the Columbia Plateau.
24

et 25 The stratigraphic names for individual units of the Ellensburg Formation are given in
26 Figure 3-12. The nomenclature for these units is based on the upper- and lower- bounding
27 basalt flows and thus the names are valid only for those areas where the bounding basalt
28 flows occur. Because the Pasco Basin is an area where most bounding flows occur, the
29 names given in Figure 3-12 are applicable to the Hanford Site. At the Hanford Site the three
30 uppermost units of the Ellensburg Formation are the Selah interbed, the Rattlesnake Ridge
31 interbed, and the Levey interbed.
32
33 3.4.2.2.1 Selah Interbed. The Selah interbed is bounded on the top by the Pomona
34 mMember and on the bottom by the Esquatzel mMember. The interbed is a variable mixture
35 of silty to sandy vitric tuff, arkosic sands, tuffaceous clays, and locally thin stringers of
36 predominantly basaltic gravels. The Selah interbed is found beneath most of the Hanford
37 Site.
38
39 3.4.2.2.2 Rattlesnake Ridge Interbed. The Rattlesnake Ridge interbed is bounded on
40 the top of the Elephant Mountain mgember and on the bottom by the Pomona mMember.
41 The interbed is up to 33 m (108 ft) thick and dominated by three facies at the Hanford Site:
42 1) a lower clay or tuffaceous sandstone, 2) a middle, micaceous-arkosic and/or tuffaceous
43 sandstone, and 3) an upper, tuffaceous siltstone to sandstone. The unit is found beneath most
44 of the Hanford Site.

a 45
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1 3.4.2.2.3 Levey Interbed. The Levey interbed is the uppermost unit of the
2 Ellensburg Formation and occurs between the Ice Harbor mNember and the Elephant
3 Mountain fa Zember. It is confined to the vicinity of the 300 Area. The Levey interbed is a
4 tuffaceous sandstone along its northern edge and a fine-grained tuffaceous siltstone to
5 sandstone along its western and southern margins.
6
7 3.4.2.3 Ringold Formation. The Ringold Formation at the Hanford Site is up to 185 m
8 (607 ft) thick in the deepest part of the Cold Creek syncline south of the 200 West Area and
9 170 m (558 ft) thick in the western Wahluke syncline near the 100-B Area. The Ringold

10 Formation pinches out against the Gable Mountain, Yakima Ridge, Saddle Mountains, and
11 Rattlesnake Mountain anticlines. It is largely absent in the northern and northeastern parts of
12 the 200 East Area and adjacent areas to the north in the vicinity of West Pend IVak. The
13 Ringold Formation is assigned a late Miocene to Pliocene age (Fecht et al. 1987; DOE
14 1988b) adwhEp ' inaIluvial and acustrinnvirments ( >rsdAI985;,Feeht et
15 .9 Lnd.t. 98

v1 6
47 Recent studies of the Ringold Formation (Lindsey and Gaylord 1989;Lindsey et a!.
18 992) indicate that it is best described and divided on the basis of sediment facies

d9 associations and their distribution. Facies associations in the Ringold Formation (defined on
20 the basis of lithology, petrology, stratification, and pedogenic alteration) include fluvial
21 gravel, fluvial sand, overbank deposits, lacustrine deposits, and alluvial fan. The facies

r22 associations are summarized as follows:
23
24 * Fluvial gravel-Clast-supported granule to cobble gravel with a sandy matrix
25 dominates the association. Intercalated sands and muds also are found. Clast

;6 composition is very variable, with common types being basalt, quartzite,
27 porphyritic volcanics, and greenstones. Silicic plutonic rocks, gneisses, and
28 volcanic breccias also are found. Sands in this association are generally quartzo-
29 feldspathic, with basalt contents generally in the range of 5 to 4-5 25%. 1eweyer,

basalt contents as high as 25% (or lcally more) :c encuntered. Low angle to
34 planar stratification, massive channels, da" lo chane!s, and large-scale
32 cross-bedding are found in outcrops. The association was deposited in a gravelly
33 fluvial system characterized by wide, shallow shifting channels.
34
35 e Fluvial sand-Quartzo-feldspathic sands displaying cross-bedding and cross-
36 lamination in outcrop dominate this association. These sands usually contain less
37 than 15% basalt hihi frgmeth
38 encoteed.Intercalated strata consist of lenticular silty sands and clays up to 3
39 m (10 ft) thick and thin (<0.5 m £h ) gravels. Fining upwards sequences
40 less than 1 m (3.3 ft) to several meters thick are common in the association.
41 Strata comprising the association were deposited in wide, shallow channels
42 incised itc a muddy flcdpan.
43
44 * Overbank deposi-This association dominantly consists of laminated to massive
45 silt, silty fine-gained sand, and paleosols containing variable amounts of calcium46 carbonate. ...k d t n e a (<0 to. 2n
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1 [<1.6 C to 5)ntflvial grave and flvil sand adsocxations; and;as hie
2 p Voi&;fl33 ft}1 r ysequecs. These sediments record
3 deposition in a floodplain under proximal levee to more distal floodplain
4 conditions.
5
6 * Lacustrine RQ' -Plane laminated to massive clay with thin silt and silty sand
7 interbeds displaying some soft-sediment deformation characterize this association.
8 Coarsening upwards packages less than I m (3.3 ft) to 10 m (33 ft) thick are
9 common in the association. Strata comprising the association were deposited in a

10 lake under standing water to deltaic conditions.
11
12 * Alluvial fan-Massive to crudely stratified, weathered to unweathered basaltic
13 detritus dominates this association. Theseba d r found
14 mrflNd the ihr Iflte as This association was deposited largely by
15 debris flows in alluvial fan settings.
16
17 The lower half of the Ringold Formation contains five separate stratigraphic intervals
18 dominated by fluvial gravels. These gravels, designated units, A, B, C, D, and E

ci 19 (Figure 3-13), are separated by intervals containing deposits typical of the overbank and
20 lacustrine facies associations. The lowermost of the fine-grained sequences, overlying unit
21 A, is designated the lower mud sequence. The uppermost gravel unit, unit E, grades

e% 22 upwards into interbedded fluvial sand and overbank deposits. These sands and overbank
23 deposits are overlain by lacustrine-dominated strata.
24
25 Fluvial gravel units A and E correspond to the lower basal and middle Ringold units
26 respectively as defined by DOE (1988b). Gravel units B, C, and D do not correlate to any
27 previously defined units (Lidsey et al. J992). The lower mud sequence corresponds to the
28 upper basal and lower units as defined by DOE (19885). The upper basal and lower units
29 are not differentiated. The sequence of fluvial sands, overbank deposits, and lacustrine
30 sediments overlying unit E corresponds to the upper unit as seen along the White Bluffs in

rn 31 the eastern Pasco Basin. This essentially is the same usage as originally proposed by
32 Newcomb (1958) and Myers et al. (1979).
33
34 3.4.2.4 Plio-Pleistocene Unit. Unconformably overlying the Ringold Formation in the
35 western Cold Creek syncline in the vicinity of 200 West Area (Figures 3-11, 3-12, and 3-13)
36 is the laterally discontinuous Plio-Pleistocene unit (DOE 1988b). The unit is up to 25 m (82
37 ft) thick and divided into two facies: (1) basaltiedetitus s1id tifm alluvi and (2) calcic
38 paleosol (Stage III and Stage IV) (DOE 1988,). The calcic paleosol facies generally consists
39 of imterflngering Mive calcium carbonate-cemented silt, sand, gravel (aih),t
40 Tnteb 'icic and earbenate aihe-poor silt and sand. The basaltic detritus facies
41 consists of weathered and unweathered basaltic gravels deposited as locally derived slope
42 wash, colluvium, and sidestream alluvium. The Plio-Pleistocene unit appears to be
43 correlative to other sidestream alluvial and pedogenic deposits found near the base of the
44 ridges bounding the Pasco Basin on the north, west, and south. These sidestream alluvial
45 and pedogenic deposits are inferred to have a late Pliocene to early Pleistocene age on the

V 46 basis of stratigraphic position and magnetic polarity of interfingering loess units.
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1
2 3.4.2.5 Pre-Missoula Gravels. Quartzose to gneissic clast-supported pebble to cobble
3 gravel with a quartzo-feldspathic sand matrix underlies the Hanford formation in the east-
4 central Cold Creek syncline and at the east end of Gable Mountain anticline east and south of
5 the 200 East Area (Figures 3-11, 3-12, and 3-13). These gravels, called the pre-Missoula
6 gravels (PSPL 1982), are up to 25 m (82 ft) thick, contain less basalt than underlying
7 Ringold gravels and overlying Hanford deposits, have a distinctive white or bleached color,
8 and sharply truncate underlying strata. The nature of the contact between the pre-Missoula
9 gravels and the overlying Hanford formation is not clear. In addition, it is unclear whether

10 the pre-Missoula gravels overlie or interfinger with the early 4rPalouse. soil and Plio-
11 Pleistocene unit. Magnetic polarity data indicates the unit is no younger than early
12 Pleistocene in age (>1 Ma) (Bjenstad et al.1987 '#9).13
14 3.4.2.6 Early "Palouse" Soil. The early "Palouse" soil consists of up to 20 m (66 ft) of
15 massive, brown yellow, and compact, loess-like silt and minor fine-grained sand (Tallman etN6 al. 4984 VV; Bjemstad-94; DOE 1988p). These deposits overlie the Plio-Pleistocene

FJ7 unit in the western Cold Creek syncline around the 200 West Area (Figures 3-11, 3-12, and
18 3-13). The unit is differentiated from overlying graded rhythmites (Hanford formation) by

C19 greater calcium carbonate content, massive structure in core, and high natural gamma
_;0 response in geophysical logs (Bjemstad-1984; DOE 1988b). Th atu m " s'. , I
21 r p efsf niratherthan tom af

G2 radin2. 3deiontaination. The upper contact of the unit is poorly defined, and it may
23 grade up-section into the lower part of the Hanford formation. Based on a predominantly
24 reversed polarity the unit is inferred to be early Pleistocene in age (B4ker et at).

'25
46 3.4.2.7 Hanford Formation. The Hanford formation consists of pebble to boulder gravel,27 fine- to coarse-grained sand, and silt (Baker e ta. 9). These deposits are divided into
-28 three facies: (1) gravel-dominated, (2) sand-dominated, and (3) sin.. at;r or nrmally*
39 graded-+hythmite sit-dmrnatedcies These fies aererreioas 6oas-grained

30 epoit, panelainaedsand faies ad rythiite aIesrespectiey byBkeeta
'31 (;991). The selaewtet sil -domhied deposits also are referred to as the "Touchet Beds,"

32 while the gravelly-dqminaed facies are generally referred to as the Pasco Gravels. The
33 Hanford formation is thickest in the Cold Creek bar in the vicinity of 200 West and 200 East34 Areas where it is up to 65 m (213 ft) thick (Figures 3-11, 3-12, and 3-13). TheIianford35... ... -j ->6. fci1i1

36 M.souda fecht e 7;fD0W1 d B Hanford deposits are
37 absent on ridges above approximately 385 m (1,263 ft) above sea level. The following
38 subsections describe the three Hanford formation facies.
39
40 3.4.2.7.1 Gravel-Dominated Facies. The gravel-dominated facies is dominated by
41 coarse-grained sand and granule to boulder gravel. These deposits display massive
42 bedding, plane to low-angle bedding, and large-scale P)i& cross-bedding in outcrop, while
43 the gravels generally are matrix-poor and display an open-framework texture. Lenticular
44 sand and silt beds are intercalated throughout the facies. Gravel clasts in the facies generally
45 are dominated by basalt (50 to 80%). Other clast types include Ringold and Plio-Pleistocene
46 rip-ups, granite, quartzite, and gneiss elasts. The relative proportion of gniessic and granitic
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1 clasts in Hanford gravels versus Ringold gravels generally is higher (up to 20% as compared
2 to less than 5%). Sands in this facies usually are very basaltic (up to 90%), especially in the
3 granule size range. Locally Ringold and Plio-Pleistocene rip-up clasts dominate the facies
4 comprising up to 75% of the deposit. The gravel-domnd fades deminates s the
5 Hanford formation in the 100 Areas north of Gable Mountain, the northern part of 200 East
6 Area, and the eastern part of the Hanford Site including the 300 Area. The gravel-dominated
7 facies was deposited by high-energy flood waters in or immediately adjacent to the main
8 cataclysmic flood channelways.
9

10 3.4.2.7.2 Sand-Dominated Facies. The sand-dominated facies consists of fine-
11 grained to carse-grned snd and granular sand displaying plane lamination and bedding
12 and less commonly plane cross-bedding in outcrop. These sands may contain small pebbles
13 in addition to pebble-gravel interbeds and silty interbeds less than 1 m (3.3
14 ft) thick. The silt content of these sands is variable, but where it is low an open framework
15 texture is common. These sands are typically very basaltic, commonly being referred to as
16 black or gray or salt and pepper sands. This facies is most common in the central Cold
17 Creek syncline, in the central to southern parts of the 200 East and 200 West Areas, and in
18 the vicinity of the WPPSS facilities. The laminated sand sanddorinted facies was
19 deposited adjacent to main flood channelways as
20 water in the channelways spilled out of them, losing their competence. The facies ariedI
21 taitiha: between gravel-dominated facies and rhythmite sili4 minted facies.
22
23 3.4.2.7.3 Slaekwater SiltDqmibated Facies. The slaekwater silttdcminated facies
24 consists of thinly bedded, plane laminated and ripple cross-laminated silt and fine- to coarse-
25 grained sand that commonly display normally graded rhythmites si..to6. B.... se ..en..s
26 a few centimeters to several tens of centimeters thick in outcrop (Myers et al. 1979; DOE
27 1988§). This facies is-fend d nsj eanford fma throughout the central,
28 southern, and western Cold Creek syncline within and south of 200 East and West Areas.
29 These sediments were deposited under slackwater conditions and in backflooded areas (DOE
30 1988&).

r 31
32cidiintote'reHnfr omto fai sisedQpreviously, clasgic4ikes32 i~facieg, Id~
33 (Bmaok 1n ayntod tormatibn. These dks whjle
34 m nd f, asafpund t'ia t inth ietay nitsA the

5 Pas Basin. Clatid dikes.w.. th. frd fr.i.n or_ ther sedime..a.y unts, are
3 structes thtgnrl rs-u beddig a.thoughAThey d oal' paralet bedding. h

37 die eeaycnito aktez+appg erticat to. subvcxtica layers mlimeters to centimeters
38 ick) piofslt, sand, and grant4&.Whr theibdikes idtexrsT he gound iuftac, <a teature

................

39 known aspattered gropnd~ cn b bsrve (linde ret ai. 199252

40
41 3.4.2.8 Heleeene Surficial Deposits. Heleeene-sjurficial deposits consist of silt, sand, and
42 gravel that form a thin (<10 m- (33 ft)) veneer across much of the Hanford Site. These
43 sediments were deposited by a mix of eolian and alluvial processes.
44
45
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1 3.4.3 200 West Area and Z Plant Aggregate Area Geology
2
3 The following subsections describe the occurrence of the uppermost basalt unit and the
4 suprabasalt sediments in the 200 West Area. The subsection discuss notable stratigraphic
5 characteristics, thickness variations, and the geometric relationships of the sediments.
6 Stratigraphic variations pertinent to the Z Plant Aggregate Area are presented in the overall
7 context of stratigraphic trends throughout the 200 West Area.
8
9 Geologic cross-sections depicting the distribution of basalt and sedimentary units within

10 and near the Z Plant Aggregate Area are presented on Figures 3-16 through 3-20. Figure
11 3-14 illustrates the cross sections locations. A legend for symbols used on the cross sections
12 is provided on Figure 3-15. The cross sections are based on geologic information from wells
13 shown on the figures, as interpreted in Lindsey et al. (1991). To develop these stratigraphic
14 interpretations, logs for all the wells in the Z Plant Aggregate Area were reviewed and a
15 selection was made of the most relevant to the AAMS. Chamness et al. (1991) provide a

cr46 compilation of these 13 geologic logs from the Z Plant Aggregate Area, and a listing of other
%17 logs which are available and additional geological, geochemical, and geophysical data
18 available from these and other boreholes. This information was compiled in support of the Z

r_19 Plant Aggregate Area Management Study. The cross sections depict subsurface geology in
20 the Z Plant Aggregate Area. For each cross section, locations of Z Plant Aggregate Area
21 waste management units are identified for reference. Figures 3-21 through 3-38 present

e22 structure maps of the top of the sedimentary units, and isopach maps illustrating the thickness
23 of each unit in the 200 West Area and Z Plant Aggregate Area. The structure and isopach
24 maps are included from Lindsey et al. (1991). Plate 1 should be consulted to identify

-25 locations of Z Plant Aggregate Area buildings referenced in the text.
e,6
27 3.4.3.1 Elephant Mountain Basalt. The Elephant Mountain member of the Saddle

-48 Mountains Basalt is continuous beneath the entire 200 West Area. The top of the Elephant
29 Mountain mf ember dips to the southwest and south into the Cold Creek syncline, reflecting

'10 the structure of the area (Figure 3-16). There is little evidence of significant erosion into the
481 top of the Elephant Mountain ifflember and no indication of erosional "windows" through

32 the basalt into the underlying Rattlesnake Mountain R interbed within the 200 West
33 Area.
34
35 3.4.3.2 Ringold Formation. Within the 200 West Area, the Ringold Formation includes
36 the fluvial gravels of unit A, the paleosol and lacustrine muds of the lower mud sequence,
37 the fluvial gravels of unit E, and the sands and minor muds of the upper unit. Ringold units
38 B, C, and D are not found in the immediate vicinity of the 200 West Area.
39
40 Several observations can be made regarding the variation of sediment types within the
41 Ringold units in the 200 West Area. In the Ringold unit A gravels, intercalated lenticular
42 sand and silt are most common in the western portion of the 200 West Area (including the Z
43 Plant Aggregate Area), and in the southern part of the 200 West Area. In the overlying
44 lower mud sequence, stratigraphic trends seen elsewhere in the Pasco Basin suggest that
45 paleosols in the unit become more common progressing structurally up-dip (Lindsey et al.
46 1991). In the Ringold unit E gravels, intercalated lenticular beds of sand and silt occur
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1 throughout the 200 West Area, although predicting where they will occur is difficult. The
2 upper unit of the Ringold in the 200 West Area tends to be dominated by sand, unlike the
3 upper unit elsewhere in the Pasco Basin where paleosols tend to dominate the upper unit.
4
5 Beneath the 200 West Area, the fluvial gravels of Ringold unit A, and the Ringold
6 lower mud sequence tend to thicken and dip to the south-southwest, toward the axis of the
7 Cold Creek Syncline (Figures 3-16, 3-22, and 3-23). The top of unit A is relatively flat in
8 the 200 Areas, dipping gently to the west and southwest. Like the unit A gravels, the
9 Ringold lower mud sequence thickens and dips to the south and southeast over the 200 West

10 Area (Figures 3-24 and 3-25). The top of the lower mud unit is less regular, however, and
11 the unit pinches out in the northeastern corner of the 200 West Area. Within the Z Plant
12 Aggregate Area, unit A reaches a thickness of more than 17 meters (57 feet) in the southern
13 part of the aggregate area, and apparently pinches out just north of the Z Plant Aggregate
14 Area boundary. The lower mud sequence ranges in thickness from about 3.4 meters (11
15 feet) in the northeast corner of the Z Plant Aggregate Area to about 33 meters (110 feet) at
16 the southwest corner of the aggregate area.
17
18 Isopach and structure contour maps of fluvial gravel unit E (Figures 3-26 and 3-27) and
19 the upper unit (Figures 3-28 and 3-29) show trends not seen in the underlying unit A and the
20 lower mud sequence. The gravels of unit E generally thin from north-northwest to the east-
21 southeast. The top of the unit is irregular, displaying several highs in the northern and
22 southern parts of the area and several lows in the central part of the 200 West Area. These
23 highs include the northern part of the Z Plant Aggregate Area. Several structural lows in the
24 unit E gravels occur across the 200 West Area, including prominent depressions in the Z
25 Plant Aggregate Area north and east of the main Z Plant building complex. The .tqpof Unit
26 E generL.1y d th Unit E thickness varies from
27 about 109 meters (358 feet) at the northern boundary of the Z Plant Aggregate Area to about
28 73 meters (239 feet) at the southern boundary of the aggregate area. Intercalated lenticular
29 beds of sand and silt occur throughout the 200 West Area, although predicting where they
30 will occur is very difficult.
31
32 The upper unit of the Ringold Formation is present only in the western, northern, and
33 central portion of the 200 West Area (Figures 3-16, 3-18 through 3-20, 3-28, and 3-29).
34 Where the upper unit is present, the top generally dips to the south-southwest. The upper
35 unit is absent on the west central and southern parts of the Z Plant Aggregate Area. The
36 upper unit reaches of thickness of about 12 to 15 meters (40 to 50 feet) at the northwest and
37 northeast corners of the Z Plant Aggregate Area, and just north of the main Z Plant building
38 complex.
39
40 3.4.3.3 Plio-Pleistocene Unit. The eabenate rich strata of the Plio-Pleistocene unit
41 largely is restricted to the vicinity of 200 West Area, pinching out near the northern, eastern,
42 and southern boundaries of the area (Figures 3-30 and 3-31). Tof
43 sn , tgi tm end west anntht fh2Mea.
44 Thickness variations in the unit are very irregular. It is thickest in the southeast, southwest,
45 and northcentral parts of the 200 West Area while it thins in the south-central and central
46 parts of the area. Relatively thick portions of the unit (up to about 8 meters (25 feet)) also
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1 occur near the main Z Plant building complex, and near the northern boundary of the
2 aggregate area (about 12 meters (39 feet)). Several prominent thin areas (about 1.5 meters
3 (5 feet) or less) occur south and west of the main Z Plant building complex. Altheugh
4 undocumented, potential erded znes through the unit may exist, ecpeeinely where the unit

5b thn- t iitheb
6 s, The top of the unit
7 generally dips to the squth d the southwest, although irregularities occur, especially in the
8 southern part of the Z Plant Aggregate Area. In addition, fracturing in the carbonate is
9 potentially common and interbedded carbonate-poor lithologies are found at many locations.

10
11 3.4.3.4 Pre-Missoula Gravels. As discussed in the Regional Stratigraphy section (Section
12 3.4.2) the Pre-Missoula Gravels are present only in the eastcentral Cold Creek syncline and
13 at the east end of Gable Mountain anticline east and south of the 200 East Area. The gravels
14 have not been identified in the 200 West Area.
15

-16 3.4.3.5 Early "Palouse" Soil. Like the Plio-Pleistocene unit, the early "Palouse" soil is
17 largely restricted to the vicinity of the 200 West Area (Figures 3-32 and 3-33). The unit
18 pinches out in the west-central part of the 200 West Area and near the southern, eastern, and

C19 northern boundaries. Limited data from a small number of boreholes located west of the 200
20 West Area suggest that the unit extends to the west. The early "Palouse" Soil is also
21 apparently absent at two locationls within the 200 West Area, north and west of the maifin Z

n22 Plant building c plex in the Z Plant Aggregate Area. The thickness of the Early "Palease"
-23 Seil in the 209 Areas varies irregularly. Theuni Ms thickest in the southeast and
24 southwest parts of the 200 West Area. Within the Z Plant Aggregate Area, the unit reaches

""25 a thickness of about 6 to 5.5 meters (15 to 18 feet) in the southern part of the aggregate area.
,26 The Wun it btiet immediately'adjacent woteetikitras adi paetyasn

27 4 trx27 wo ocaion w t oote 0Wes Ar, norTh n wet oftth mn Z idint bid
-28 ompleine ZPant ggegate Area. Across the 200 Areas, the top of the unit dips to-

29 the south, although it becomes fairly irregular over the southern part of the Z Plant
"30 Aggregate Area.

r31
32 Although carbonate is present in the unit in the 200 Areas, no obvious caliches like
33 those seen in the underlying Plio-Pleistocene unit are documented. The loess-like sediments
34 of the early "Palouse" soil are uncemented.
35
36 3.4.3.6 Hanford Formation. As discussed in the regional geology section, the cataclysmic
37 flood deposits of the Hanford formation are divided into three facies4 P gravel-dominated,
38 2 sand-dominated, and . slaewater S. Typical lithologic successions consist
39 of fining upwards packages, major fine-grained intervals, and laterally persistent coarse-
40 grained sequences. Mineralogic and geochemical data were not used in differentiating units
41 because of the lack of a comprehensive mineralogic and geochemical data set. The Hanford
42 formation is divided into two units, upper coarse-grained and lower fine-grained, based on
43 lithology. These are essentially the same units as defined in Last et al. (1989). Neither of
44 these units are continuous across the entire 200 West Area, they both display marked changes
45 in thickness and continuity, and they are very heterogeneous.
46
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1 The lower fine-grained unit of the Hanford formation in the 200 West Area is thick,2 but locally discontinuous (Figures 3-34 and 3-35). The lower unit is 0 to 32 m (0 to 105 ft)3 thick and consists dominantly of silt, silty sand, and sand typical of the slaekwatet si9t4 dommated facies interbedded with coarser sands like those comprising the sand-dominated
5 facies. This lower unit is cross-cut in places by vertical clastic dikes. These dikes, believed6 to be the product of dynamic loading from floodwaters, are distributed randomly throughout7 this lower unit. They are commonly filled with fine sands and silts and oriented near8 vertical. Thin (<3 m7 [l0 ft) intervals dominated by the gravel facies are found locally.9 The distribution of facies within the unit is variable, although the unit generally fines to the10 south where slaekwater 'si-dmin*ted deposits become more common. The lower unit is not11 present over much of the northern part of the 200 West Area, and an area which includes the12 central north-south spine of the Z Plant Aggregate Area. Eroded zones through the lower13 fine unit are present to the east and west of the southern part of the Z Plant Aggregate Area.14 The eroded zones are elongate in a north-south direction. The lower unit dips irregularly15 across the 200 West Area. The lower unit is up to about 19 meters (62 feet) thick toward16 the western edge of the Z Plant Aggregate Area, and generally dips to the north, toward the17 area where the unit is not present.

18
19 The upper coarse-grained unit of the Hanford formation consists of interstratified
20 gravel, sand, and lesser silt. Gravel-dominated deposits typical of the gravel facies generally21 dominate the upper unit. However, at some localities the unit is dominated by deposits22 typical of the sand-dominated facies that consists of sand containing lesser silt and gravel.23 Minor silty deposits such as those forming the slaelkwater slt-d';inaI"d facies are found24 locally. The thickness and distribution of these facies is very variable. Fining upwards25 sequences going from coarser to finer gravel and gravel, sand and/or silt are present at some26 locations. The upper coarse unit is up to 45 m (148 ft) thick and laterally discontinuous,27 being found in the northern, east-central, and eastern parts of the area (Figures 3-36 and28 3-37). Local areas occur where thickness of the upper coarse unit exceeds 38 meters (12529 feet), including the southern part of the Z Plant Aggregate Area. The base of the uppe30 eease unit is incised into the underlying s&trt of th lower fine unit w

31... ...................................3M h .pper xaenttsnrsa )i w and fills scour areas ee. l sh a..rp i32 absent The contact between the upper coarse unit and underlying strata is general sharp33 consisting of gravel facies strata overlying the fines of the lower unit, the early Palouse"34 soil, and the Plio-Pleistocene unit. Over most of the Z Plant Aggregate Area the top of the
35 upper coarse-grained unit of the Hanford formation is at the ground surface.
36
37 3.4.3.7 Heleeene Surficial Deposits. Holocene-age surficial deposits in the 200 West Area38 are dominated by eolian sands. These deposits have been removed from much of the area by39 construction activities. Where the eolian sands are found they tend to consist of thin (<3 in540 r10 ft)) sheets that cover the ground (Figure 3-38). Dunes are not generally well developed41 within the 200 West Area. In the Z Plant Aggregate Area these Holocene deposits are found42 only in localized areas.
43
44
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1 3.5 HYDROGEOLOGY
2
3 The following subsections present discuissions of regional hydrogeology (Section3.1)
4 Ilmiferd Site hydrogeeocgy (Section 3.5.2), and Z Plant Aggregate Area hydrogeolegy
5 (Section 3.5.3). Sections 3.5.2 and 3.5.3 also discuss Hanfcrd Site aid Z Plant Aggregate
6 Area Nvadose zone characteristics.
7
8 Reffidnalhydrjgeo y df he 200 West Areaebmarinzedin the

9 olwn etps ;hr ufmcient data exstijnerpetton ohe hydrgeology bepeath
10 he Plntggrg erare y'set"C heino, aio peenedi these, secwons i

10

12 povd4dby Westighs b anftrforrthts pdrpose.
13
14
15 3.5.1 Regional Hydrogeology

pe 6
17 The hydrogeology of the Pasco Basin is characterized by a multiaquifer system that
18 consists of four hydrogeological units that correspond to the upper three formations of the

r- 9  Columbia River Basalt Group (Grande Ronde Basalt, Wanapum Basalt, and Saddle
20 Mountains Basalt) and the suprabasalt sediments. The basalt aquifers consist of the tholeiitic

-21 flood basalts of the Columbia River Basalt Group and relatively minor amounts of
r22 intercalated fluvial and volcaniclastic sediments of the Ellensburg Formation. Confined

23 zones in the basalt aquifers are present in the sedimentary interbeds and/or interflow zones
24 that occur between dense basalt flows. The main water-bearing portions of the interflow
25 zones are networks of interconnecting vesicles and fractures of the flow tops and flow
26 bottoms (DOE 19886). The suprabasalt sediment or uppermost aquifer system consists of

'17 fluvial, lacustrine, and glaciofluvial sediments. This aquifer is regionally unconfined and is
.28 contained largely within the Ringold Formation and Hanford formation. The position of the
29 water table in the southwestern Pasco Basin is generally within Ringold fluvial gravels of unit
90 E. In the northern and eastern Pasco Basin the water table is generally within the Hanford

r1 formation. Table 3-1 presents hydraulic parameters for various water-bearing geologic units
32 at the Hanford Site.
33
34 Local recharge to the shallow basalt aquifers results from infiltration of precipitation
35 and runoff along the margins of the Pasco Basin, and in areas of artificial recharge where a
36 downward gradient from the unconfined aquifer systems to the uppermost confined basalt
37 aquifer may occur. Regional recharge of the deep basalt aquifers is inferred to result from
38 interbasin groundwater movement originating northeast and northwest of the Pasco Basin in
39 areas where the Wanapum and Grande Ronde Basalts crop out extensively (DOE 1988§).
40 Groundwater discharge from shallow basalt aquifers is probably to the overlying aquifers and
41 to the Columbia River. The discharge area(s) for the deeper groundwater system is
42 uncertain, but flow is inferred to be generally southeastward with discharge thought to be
43 south of the Hanford Site (DOE 19881).
44
45 Erosional "windows" through dense basalt flow interiors allow direct interconnection
46 between the uppermost aquifer systems and underlying confined basalt aquifers. Graham et
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1 al. (1984) reported that some contamination was present in the uppermost confined aquifer
2 (Rattlesnake Ridge interbed) south and east of Gable Mountain Pond. Graham et al. (1984)
3 evaluated the hydrologic relationships between the Rattlesnake Ridge interbed aquifer and the
4 unconfined aquifer in this area and delineated a potential area of intercommunication beneath
5 the northeast portion of the 200 East Area.
6
7 The base of the uppermost aquifer system is defined as the top of the uppermost basalt
8 flow. However, fine-grained overbank and lacustrine deposits in the Ringold Formation
9 locally form confining layers for Ringold fluvial gravels underlying unit E. The uppermost

10 aquifer system is bounded laterally by anticlinal basalt ridges and is approximately 152 m
11 (500 ft) thick near the center of the Pasco Basin.
12
13 Sources of natural recharge to the uppermost aquifer system are rainfall and runoff
14 from the higher bordering elevations, water infiltrating from small ephemeral streams, and
15 river water along influent reaches of the Yakima and Columbia Rivers. The movement of
16 precipitation through the unsaturated (vadose) zone has been studied at several locations on
17 the Hanford Site (Gee 1987; Routson and Johnson 1990; Rockhold et al. 1990). Conclusions
18 from these studies vary. Gee (1987) and Routson and Johnson (1990) conclude that no
19 downward percolation of precipitation occurs on the 200 Areas Plateau where the sediments
20 are layered and vary in texture, and that all moisture penetrating the soil is removed by
21 evapotranspiration. Rockhold et al. (1990) suggest that downward water movement below
22 the root zone is common in the 300 Area, where soils are coarse-textured and precipitation
S23 was above normal.

25
26 3.5.2 Hanford Site Hydrogeology
27
28 This section describes the hydrogeology of the Hanford Site with specific reference to
29 the 200 Areas.
30
31 3.5.2.1 Hydrostratigraphy. The hydrostratigraphic units of concern in the 200 Areas are
32 (1) the Rattlesnake Ridge interbed (confined water-bearing zone), (2) the Elephant Mountain
33 Basalt rMember (confining horizon), (3) the Ringold Formation (unconfined and confined
34 water-bearing zones and lower part of the vadose zone), (4) the Plio-Pleistocene unit and
35 early "Palouse" soil (primary vadose zone perching horizons and/or perched groundwater
36 zones) and (5) the Hanford formation (vadose zone) (Figure 3-39). The Plio-Pleistocene unit
37 and early "Palouse" soil are only encountered in the 200 West Area. Strata below the
38 Rattlesnake Ridge interbed are not discussed because the more significant water-bearing
39 intervals, relating to environmental issues, are primarily closer to ground surface. The
40 hydrogeologic designations for the 200 Areas were determined by examination of borehole
41 logs and integration of these data with stratigraphic correlations from existing reports.
42
43 3.5.2.1.1 Vadose Zone. The vadose zone beneath the 200 Areas ranges from
44 approximately 55 m (180 ft) beneath the former U Pond to approximately 4-W 104 m (340 ft)
45 west of the 200 East Area (Last et al. 1989). Sediments in the vadose zone consist of the (1)

0 46 upper part of the fluvial gravel of Ringold unit E, (2) the upper unit of the Ringold
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1 Formation, (3) Plio-Pleistocene unit, (4) early "Palouse" soil, and (5) Hanford formation.
2 Only the Hanford formation is continuous throughout the vadose zone in the 200 Areas. The
3 upper unit of the Ringold Formation, the Plio-Pleistocene unit, and the early "Palouse" soil
4 only occur in 200 West Area. The unconfined aquifer water table (discussed in Section
5 3.5.2.1.3) lies within the Ringold unit E.
6
7 The transport of water through the vadose zone depends in complex ways on several
8 factors, including most significantly the moisture content of the soils and their hydraulic
9 properties. Darcy's 'Paw, although originally conceived for saturated flow only, was

10 extended by Richards to unsaturated flow, with the provisions that the soil hydraulic
11 conductivity becomes a function of the water content of the soil and the driving force is
12 predominantly differences in moisture content. The moisture flux, q, in eentimeterspe
13 seeend §m/s in one direction is then described by a modified form of Darcy's tiaw
14 commonly referred to as Richards' Equation (Hillel 1971) as follows:
15

146 q = K(O) x 8o/8O x 80/8x (Richards' Equation)
17
18 where

5-9
, M K(O) is the water-content-dependent unsaturated hydraulic conductivity in cm/s
21

C,;2 e 8so/8 is the slope of the soil-moisture retention curve p(O) at a particular
23 volumetric moisture content 0 (a soil-moisture retention curve plots volumetric
24 moisture content observed in the field or laboratory against suction values for a
-25 particular soil, see Figure 3-41 from Gee and Heller [1985] for an example)
26

T7 80/8x is the water content gradient in the x direction.
28
29 More complicated forms of this equation are also available to account for the effects of
3D more than one dimensional flow and the effects of other driving forces such as gravity.

32 The usefulness of Richards' Equation is that knowing the moisture content distribution
33 in soil, having measured or estimated values for the unsaturated hydraulic conductivity

.34 corresponding to these moisture contents, and having developed a moisture retention curve
35 for this soil, one can calculate a steady state moisture flux. With appropriate algebraic
36 manipulation or numerical methods, one could also calculate the moisture flux under transient
37 conditions.
38
39 In practice, applying Richards' Equation is quite difficult because the various
40 parameters involved are difficult to measure and because soil properties vary depending on
41 whether the soil is wetting or drying. As a result, soil heterogeneities affect unsaturated flow
42 even more than saturated flow. Several investigators at the Hanford Site have measured the
43 vadose zone moisture flux directly using lysimeters (e.g., Rockhold et al. 1990; Routson and
44 Johnson 1990). These direct measurements are discussed in Section 3.5.2.2 under the
45 heading of natural groundwater recharge.
46
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1 An alternative to direct measurement of unsaturated hydraulic conductivity is to use
2 theoretical methods which predict the conductivity from measured soil moisture retention data
3
4
5 Thirty-five soil samples from the 200 West Area have had moisture retention data
6 measured. These samples were collected from Wells 299-W18-21, 299-W15-16, 299-W15-2,
7 299-W10-13, 299-W7-9, and 299-W7-2. Eleven of these samples were reported by
8 Bjornstad (1990). The remaining 24 were analyzed as part of an ongoing performance
9 assessment of the low-level burial grounds ( For each of these samples

10 saturated hydraulic conductivity was measured in the laboratory. Van Genuchten's computer
11 program RETC was then used to develop wetting and drying curves for the Hanford, early
12 "Palouse," Plio-Pleistocene, upper Ringold, and Ringold Gravel lithologic units. Examples
13 of wetting and drying curves, and corresponding grain size distributions, are provided on
14 Figures 3-40 and 3-41.
15
16 The unsaturated hydraulic conductivities may vary by orders of magnitude with varying
17 moisture contents and among differing lithologies with significantly different soil textures and
18 hydraulic conductivities. Therefore, choosing a moisture retention curve should be made
19 according to the particle size analyses of the samples and the relative density of the material.
20
21 Once the relationship between unsaturated hydraulic conductivity and moisture content
22 is known for a particular lithologic unit, travel time can also be estimated for a steady-state
23 flux passing through each layer by assuming a unit hydraulic gradient. Under the unit
24 gradient condition, only the force of gravity is acting on water and all other forces are
25 considered negligible. These assumptions may be met for flows due to natural recharge
26 since moisture differences become smoothed out after sufficient time. Travel time for each
27 lithologic unit of a set thickness and calculated for any given recharge rate and the total
28 travel time is equivalent to the sum of the travel times for each individual lithologic-unit. To
29 calculate the travel time for any particular site the detailed layering of the lithologic units
30 should be considered. For sites with artificial recharge (e.g., cribs and trenches) more
31 complicated analyses would be required to account for the effects of saturation.
32
33 Several other investigators have measured vadose zone soil hydraulic conductivities and
34 moisture retention characteristics at the Hanford Site both in situ (i.e., in lysimeters) and in
35 specially prepared laboratory test columns. Table 3-2 summarizes data identified for this
36 study by stratigraphic unit. Rockhold et al. (1988) presents a number of moisture retention
37 characteristic curves and plots of hydraulic conductivity versus moisture content for various
38 Hanford soils. For the Hanford formation, vadose zone hydraulic conductivity values at
39 saturation range from 101 to 10 cm/s (O.28>to28 These saturated hydraulic
40 conductivity values were measured at volumetric water contents of 40 to 50%. Hydraulic
41 conductivity values corresponding to volumetric water contents ranging from 2 to 10%
42 ranged from 2 x 10-" to 7 x 10-7 cm/s a(Q jt x i93ft/
43
44 An example of the potential use of this vadose zone hydraulic parameter information is
45 presented by Smoot et al. (1989) in which precipitation infiltration and subsequentV 46 contaminant plume movement near a prototype single-shell tank was evaluated using a
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1 numerical computer code. Smoot el al. (1989) used the UNSAT-H one-dimensional finite-
2 difference unsaturated zone water flow computer code to predict the precipitation infiltration
3 for several different soil horizon combinations and characteristics. The researchers used
4 statistically generated precipitation values which were based on actual daily precipitation
5 values recorded at the Hanford Site between 1947 and 1989 to simulate precipitation
6 infiltration from January 1947 to December 2020. The same authors also used the
7 PORFLO-3 computer code to simulate 1"Ru and 137Cs movement through the unsaturated
8 zone.
9

10 Smoot et al. (1989) concluded that 68 to 86% of the annual precipitation infiltrated into
11 a gravel-capped soil column while less than 1 % of the annual precipitation infiltrated into a
12 silt loam-capped soil column. For the gravel-capped soil column, the simulations showed the
13 1"Ru plume approaching the water table after 10 years of simulated precipitation infiltration.
14 The simulated '"Cs plume migrated a substantially shorter distance due to greater adsorption
15 on soil particles. In both cases, the simulated plume migration scenarios are considered to be

11 6  conservative due to the relatively low soil absorption coefficients used for the study.
17
18 Graham et al. (1981) estimated that historical artificial recharge from liquid waste

C-19 disposal in the 200 (Separations) Areas exceeded all natural recharge by a factor of ten. In
20 the absence of ongoing artificial recharge, i.e., liquid waste disposal to the soil column,
21 natural recharge could potentially be a driving force for mobilizing contaminants in the

&22 subsurface. Natural sources of recharge to the vadose zone and the underlying water table
23 aquifer are discussed in Section 3.5.2.2. Additional discussion of the potential for natural
24 and artificial recharge to mobilize subsurface contaminants is presented in Section 4.2.

-25
26 Another facet of moisture migration in the vadose zone is moisture retention above the

r 7 water table. Largely due to capillary forces, some portion of the moisture percolating down
_28 from the ground surface to the unconfined aquifer will be held against gravity in soil pore

29 space. Finer-grained soils retain more water (against the force of gravity) on a volumetric
0 basis than coarse-grained soils (Hillel 1971). Because unsaturated hydraulic conductivity

S1 increases with increasing moisture content, finer-grained soils may be more permeable than
32 coarse-grained soils at the same water content. Also, because the moisture retention curve
33 for coarse-grained soils is generally quite steep (Smoot et al. 1989), the permeability contrast
34 between fine-grained and coarse-grained soils at the same water content can be substantial.
35 The occurrence of interbedded fine-grained and coarse-grained soils may result in the
36 formation of "capillary barriers" and can in turn lead to the formation of perched water
37 zones. General conditions leading to the formation of perched water zones at the Hanford
38 Site are discussed in Subsection 3.5.2.1.2. Potential perched water zones in the Z Plant
39 Aggregate Area are discussed in Subsection 3.5.3.1.2.
40
41 3.5.2.1.2 Perched Water Zones. Moisture moving downward through the vadose
42 zone may accumulate on top of highly cemented horizons and may accumulate above the
43 contact between a fine-grained horizon and an underlying coarse-grained horizon as a result
44 of the "capillary barrier" effect. If sufficient moisture accumulates, the soil pore space in
45 these perching zones may become saturated. In this case, the capillary pressure within the
46 horizon may locally exceed atmospheric pressure, i.e., a water ta a ad conditions may
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1 develop. Additional input of downward percolating moisture to this horizon may lead to a
2 hydraulic head buildup above the top of the horizon. Consequently, a monitoring well3 screened within or above this horizon would be observed to contain free water.
4
5 The lateral extent and composition of the Plio-Pleistocene and early "Palouse" soil units6 may provide conditions amenable to the formation of perched water zones in the vadose zone7 above the unconfined aquifer. The calcrete facies of the Plio-Pleistocene unit, consisting of8 calcium-carbonate-cemented silt, sand, and gravel, is a potential perching horizon due to its9 likely low hydraulic conductivity. However, the Plio-Pleistocene unit is typically fractured10 and may have erosional scours in some areas, potentially allowing deeper infiltration of

11 groundwater, a factor which may limit the lateral extent of accumulated perched
12 groundwater. The early "Palouse" soil horizon, consisting of compact, loess-like silt and13 minor fine-grained sand, is also a likely candidate for accumulating moisture percolating
14 downward through the sand and gravel-dominated Hanford formation.
15
16 An example of perching conditions is a perched zone that appears to exist under the17 216-U-1 and 216-U-2 Cribs area and extends at least as far as the 216-U-16 Crib. The zone18 apparently exists because of historical waste water disposal to the 216-U-16 Crib. No wells19 appear to screen this zone in this portion of the site. The existence of the perched zone was20 inferred from the detection of contaminants disposed of to the 216-U-1 and 216-U-2 Cribs in21 a groundwater monitoring well completed downgradient of the 216-U-16 Crib.

22
23 Another area of known perched water is below the active portion of the 216-U-14
24 Ditch approximately 150 m southeast of the 241-U Tank Farm. Wells 299-W19-91, -92, and25 -93 are screened in the same stratigraphic position at depth of about 30 to 36 m (100 to 12026 ft) below ground surface (bottom of screened interval elevation around 169 m (555 ft) above27 mean sea level). This elevation is about 3 m (10 ft) above the top of the early "Palouse?
28 soil, based on the contours shown on Figures 3-25 and 3-31, and, thus, is located in the29 Hanford formation. Water levels in these wells were measured in December 1989 through30 September 1990 with the result that Wells 299-W19-91 and 299-W19-92 had an average31 water level of 172 m (563 ft) above sea level and Well 299-W19-93 (the most southerly of32 the three) had a level of about 176 m (576 ft), some 4 m (13 ft) higher. The water levels33 measured in these wells are probably indicative of perched water zones in the early Palouse
34 soil above impermeable caliche layers in the Plio-Pleistocene unit.
35
36 Apparently the calcareous cementation in the Plio-Pleistocene unit greatly reduces the37 permeability. The downward movement of water is thereby inhibited and perched water38 zones may locally form.
39
40 3.5.2.1.3 Unconfined Aquifer. The uppermost aquifer system in the 200 Areas41 occurs primarily within the sediments of the Ringold Formation and Hanford formation. In42 the 200 West Area the upper aquifer is contained within the Ringold Formation and displays43 unconfined to locally confined or semijconfined conditions. In the 200 East Area the upper44 aquifer occurs in the Ringold Formation and Hanford formation. The depth to groundwater
45 in the upper aquifer underlying the 200 Areas ranges from approximately 60 m (197 ft)0 46 beneath the former U Pond in 200 West Area to approximately 105 m (340 ft) west of the
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1 200 East Area. The saturated thickness of the unconfined aquifer ranges from approximately
2 67 to 112 m (220 to 368 ft) in the 200 West Area and approximately 61 m (200 ft) in the
3 southern 200 East Area to nearly zero in the northeastern 200 East Area where the aquifer
4 thins out and terminates against the basalt located above the water table in that area.
5
6 The upper part of the uppermost aquifer in the 200 West Area consists of , generally
7 unconfined groundwater waerbeaigzn within the Ringold unit E. The lower part of the
8 uppermost aquifer consists of . confined to semi-confined groundwater wte-eatig.
9 within the gravelly sediments of Ringold unit A. The Ringold unit A is generally confined

10 by fine-grained sediments of the lower mud sequence. The thickness of this confined zone
11 ranges from greater than 38 m (125 ft) in the southeastern portion of the 200 West Area to
12 nearly zero where it pinches out just north of the northern 200 West Area boundary. The
13 lower mud sequence confining zone overlying unit A is up to 30 m (100 ft) thick below the
14 south-central section of the 200 West Area before pinching out in the northeastern corner of
15 the 200 West Area. Where it is absent, the Ringold units A and E combine to form a single

nr 16 thick unconfined aquifer.
17
18 Due to its importance with respect to contaminant transport, the unconfined aquifer is

C_ 19 generally the most characterized hydrologic unit beneath the Hanford Site. A number of
20 observation wells have been installed and monitored in the unconfined aquifer. Additionally,-21 in situ aquifer tests have been conducted in a number of the unconfined aquifer monitoring

0 .22 wells. Results of these in situ tests vary greatly depending on the following:
23
24 * Horizontal position/location between areas across the Hanford Site and even

"25 smaller areas (such as across portions of the 200 Areas)
26
27 * Depth, even within a single hydrostratigraphic unit

_28
29 * Analytical methods for estimating hydraulic conductivity.

731 Details regarding this aquifer system can be found in the 200 West Groundwater
32 Aggregate Area Maagemfent tuy epr AAMSR.
33
34 3.5.2.2 Natural Groundwater Recharge. Sources of natural recharge to groundwater at
35 the Hanford Site include precipitation infiltration, runoff from higher bordering elevations
36 and subsequent infiltration within the Hanford Site boundaries, water infiltrating from small
37 ephemeral streams, and river water infiltrating along influent reaches of the Yakima and
38 Columbia Rivers (Graham et al. 1981). The principal source of natural recharge is believed
39 to be precipitation and runoff infiltration along the periphery of the Pasco Basin. Small
40 streams such as Cold Creek and Dry Creek, west of the 200 West Area, also lose water to
41 the ground as they spread out on the valley plain. Considerable debate exists as to whether
42 any recharge to groundwater occurs from precipitation falling on broad areas of the 200
43 Areas Plateau.
44
45 Natural precipitation infiltration at or near waste management units or unplanned
46 releases may provide a driving force for the mobilization of contaminants previously
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introduced to surface or subsurface soils. For this reason, determination of precipitation
recharge rates at the Hanford Site has been the focus of many previous investigations.
Previous field programs have been designed to assess precipitation, infiltration, water storage
changes, and evaporation to evaluate the natural water balance during the recharge process.
Precipitation recharge values ranging from 0 to 10 cm/yr (0Q 4 i &r have been
estimated from various studies.

The primary factors affecting precipitation recharge appear to be surface soil type,
vegetation type, topography, and year-to-year variations in seasonal precipitation. 1i

geerlinitatontosol s igheridurng th ie mots:whe precipiation is more
TowqAuentlinganalysi (raonspt ra.1989) sdioat.

grater than 2 ft As discussed below, c l§ various field studies suggest-tha
loss than 25 % of the procipitation falling ont typical Hlanford Site soils aotually infiltratos to
any- c6Mducted attheanford Sire regarddng qrecipia re hrg ary; A mod ein

%W'yisby 9 Smo et a4Kt989 ndcated that 68 t& 86I% of thepeitaonflngnae prcpt ioa: falling on a
graveI-eoveedite mht iniltratert tha 2 m t(t 0:).G5'(987, and

Rotsn ndJonsn 190)concfude ta dw arpecatnofpreiiinocr
rn th 0 A rea QPat wherethet edments arelayeredt and var ;n texture, andJ that allUfnletfledr t' t w :- d tk
mosuepeertn the soil is2e'> by~t evapotranspirafion. Thqse two studles analyzed
dat cNletd ve aperid f412easK rspeqtively, and do not speciiall dd+es shot-

e t . Rk t(990sggest w a wtr moven:4t low the
root zone ~i fmmon ni the 30 Area where s'ils are coarsteixtired and precipitation was

Examples-ef a It precipitation recharge studies include:

A study by Gee and Heller (1985) described various models used to estimate
natural recharge rates. Many of the models use a water retention relationship for
the soil. This relates the suction required to remove (or move) water to its
dryness (saturation or volumetric moisture content). Two of these have been
developed by Gee and Heller (1985) for soils in lysimeters on the Hanford Site.
As an example of available data, the particle size distribution and the water
retention curves of these two soils are shown on Figure 3-41. Additional data
and information about possible models for unsaturated flow may be found in
Brownell et al. (1975), and Rockhold et al. (1990).

*< Resurls of tysi'aet studies scdribed by Gee (19 eater soil
m6itrf tionciiatdi h winer/e y spig preipitation and

* Moisture contents have been obtained from a number of core-barrel samples in
the 200 Areas (East and West) and varied from 1 to 18%, with most in the range
of 2 to 6% (Last et al. 1989). The data appear to indicate zones of increased
moisture content at depth that could be interpreted as signs of moisture transport.
A number of the boreholes that this study used (for moisture content or other
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1 parameters) are located in the vicinity of the Z Plant Aggregate Area burial
2 grounds.
3
4 * A lysimeter study reported by Routson and Johnson (1990) was conducted at a
5 location 1.6 km (t ni) south of the 200 East Area. During much of the
6 lysimeters' 13-year study period between 1972 and 1985, the surface of the
7 lysimeters were maintained unvegetated with herbicides. No information
8 regarding the soil types in the lysimeters was found. To a precision of +/-0.2
9 cm (.8inch), no downward moisture movement was observed in the

10 instruments during periodic neutron-moisture measurements or as a conclusion of
11 a final soil sample collection and moisture content analysis episode.
12
13 * An assessment of precipitation recharge involving the redistribution of '37Cs in
14 vadose zone soil was also reported by Routson and Johnson (1990). In this
15 study, split-spoon soil samples were collected beneath a solid waste burial trench

16 in the T Plant Aggregate Area. The trench, apparently located just south and
sr17 west of the 218-W-3AE Burial Ground, received soil containing "'Cs from an

18 unspecified spill. Cesium-137 was not detected below the bottom of the burial
'19  trench. However, increased 17Cs activity was observed above the top of the
_-20 waste fill which Routson and Johnson concluded indicated that net negative

21 recharge (loss of soil moisture to evapotranspiration) had occurred during the 10-
22 year burial period.

-23
24 * Sparse Russian thistle was observed at the burial trench area in 1980. Rockhold
25 et al. (1990) noted that "'Cs appears to strongly sorb to Hanford Site soils

6 indicating that the absence of the radionuclide at depth below the burial trench
27 may not support the conclusion that no downward moisture movement occurred.
28

*9 A weighing lysimeter study reported by Rockhold et al. (1990) which was
30 conducted at a grassy plot approximately 5 km am northwest of the 300

t31 Areas. The grass test site was located in a broad, shallow topographic depression
32 approximately 900 m (3,0fftR) wide, several hundred meters long, trending
33 southwest. The area is covered with annual grasses (cheatgrass and bluegrass).
34 The upper 3.5 m (1 1 f of the soil profile consists of slightly silty to silty sand
35 (sandy loam) with an estimated saturated hydraulic conductivity of 9 x 10-3 cm/s
36 (26Ift/day). Rockhold et al. (1990) estimated that approximately 0.8 cm
37 inO ) of downward moisture movement occurred between July 1987 and June
38 1988. This represents approximately 7% of the total precipitation recorded in
39 that area during that time period.
40
41 * A gravel-covered lysimeter study discussed by Rockhold et al. (1990) which was
42 conducted at the 622 Area Lysimeter Site, approximately 0.5 km ( .31b) east of
43 the 200 West Area. Approximately 4 cm 'niinh) of downward moisture
44 movement was observed in two gravel-covered lysimeters during 1988 and 1989.
45 This represented approximately 25% of the total precipitation recorded in the area
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1 during the study period. The authors concluded that gravel placed on the soil
2 surface reduces evaporation and facilitates precipitation infiltration.
3
4 The drainage (downward moisture movement) observed in these studies may represent
5 potential recharge to deeper vadose zone soils and/or the underlying water table.
6
7 3.5.2.3 Groundwater Flow. Groundwater flow in the unonfieod aquifr breneath the 200
8 West Area is g efnMally towafd the nrth and cast, away from the groundwater mound
9 obscnmcd ina the northefrn part of the Z Plant Aggregate Arca. rendwatc clevations i

10 Juneo 1990 fo r the unnfined aquifer if the 200 Afeas af shewn oen Figlie 3 12 (Kasza et
11 al. 1990). Grahamn et al. (1981) calcuilated horizontal hydr-aulic gradients for the 200 V/cat
12 Area of 0.004 to 0.015 for data eollectcd in Dcembcr 1979. Grham et a. (1931) cstimatcd
13 that vertical hydraulie gradients in the unconfincd aquifer cxcecd 10% in some areas of the
14 uinconfrncd aqeui'fe.
15

26 $t A de betuiiwe gronwar Ceve an flowtaefutaiosaoga81k 5 i

16 reac wgqun watera nqh of Gable Mrdcnnatcurrentlyh trends17 &Torcbed gthta2 km ( m oa win earreatbrs niftws ath d b Gbe"dijwpkm i lolly byv~h O ;Al

19 strg.Drn Thr M>-ay i in r 've staYndtwaseuated tha wa4 er intatemi~ds31 ft/day during t e m t65d fuesonprod ic th sauy was, cdutd, dA cntpl

32 he oumbia sRn vr edcdthe:~ tagni $Jde e ba0k stWgente groundwatersyem

22 ~sae

3

* 342 NTu%4~fral &v groof~rundwater flow aijfe urbiariy6r ayoccur

25 wes-Vte bandr f the Ha..r ote . Cu1,r rentl, n-md rehag ocurs inqp era 3

3t as a ge m en~ .Q~t. n ts( g , he - - Dst rage , C r bldon

3" 7 an$he26Z-1Sepg&tsn oe ithe h~not~f2ewUPn adZilnt grgteAes
28 Therc2nclWed Area HistoriC , mc9gea ~reharg Hanfrd frnm d ubr of wasteI

39 manaemen .nt .. .h 2...r.a .Ma..ad .. hag probablyt substanally exced

wSig' 'Wa, afrceyb bn

30 a a p etat ehrethe age, d T+ wncnfied Tauifer _3lti is
4 say denn nth ydrologiccnmitioin th 0 S ite dea etal. 9)

32 IfrChPa e rminuc the 20mAra agn, more'of th ecag from ht 20waest sysem.i

33
34 Natural groundwater inflow to the unconfined aquifer primarily occurs along the
35 western boundary of the Hanford Site. Currently, man-made recharge occurs in several
36 active waste management units (e.g., the 216-U-14 Ditch, 216-U-17 Crib, 216-Z-20 Crib,37 and the 216-Z-21 Seepage Basin) located within the U Plant and Z Plant Aggregate Areas in
38 the 200 West Area. Historically, much greater recharge occurred from a number of waste
39 management units in the 200 Areas. Man-made recharge probably substantially exceeds
40 natural precipitation recharge in these areas. The unconfined aquifer ultimately discharges to
41 the Columbia River, either near the 100 Areas, north of the 200 Areas through Gable Gap,
42 or between the 100 Areas and the 300 Area, east of the 200 Areas. The precise path is
43 strongly dependent on the hydrologic conditions in the 200 East Area (Delaney et al. 1991).
44 If recharge in the 200 East Area is large, more of the recharge from the 200 West Area is
45 diverted north through Gable Gap toward the 100 Areas. Generally, however, the easterly

0 46 route appears to be more likely for recharge from the 200 West Area.
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2 3.5.2.4 Historical Effects of Operations. Historical effluent disposal at the Hanford Site
3 altered previously prevailing groundwater hydraulic gradients and flow directions. Before
4 operations at the Hanford Site began in 1944, groundwater flow was generally toward the
5 east, and the groundwater hydraulic gradient in the 200 West Area was on the order of 0.001
6 (Delaney et al. 1991). Prior to disposing liquid waste to the soil column he Spafatiens
7 Areas, groundwater elevations in the 200 West Area may have been as much as 20 m (65 ft)
8 lower in 1944 than at present. As seen on Figure 3-42, a distinct groundwater mound is still
9 apparent beneath the 200 West Area. The horizontal hydraulic gradient is expected to

10 ine rease ease and shift to the east as the mound continues to dissipate.
11
12
13 3.5.3 Z Plant Aggregate Area Hydrogeology
14
15 This section presents additional hydrogeologic information identified with specific

In6 application to the Z Plant Aggregate Area.
A7

18 3.5.3.1 Hydrostratigraphy. As shown on Figure 3-43, the hydrostratigraphic units of19 concern beneath the Z Plant Aggregate Area are (1) the Rattlesnake Ridge Interbed, (2) the
20 Elephant Mountain Basalt Member, (3) the Ringold Formation units A and E, (4) the Plio-
21 Pleistocene unit and early "Palouse" soil, and (5) the Hanford formation. The hydrogeologic

022 designations for the Z Plant Aggregate Area were determined by examination of borehole
logs from Lindsey et al. (1991) and Chamness et al. (1991) and integration of these data with

24 stratigraphic correlations from existing reports. For the purposes of the Z Plant AAMSR
'25 Report, this discussion will be limited to the vadose zone and possible perching horizons with
,g6 the vadose zone underlying the aggregate area. Additional information on the aquifer
27 systems is presented in the 200 West Groundwater AAMSR.

-28
9-W 3.5.3.1.1 Vadose Zone. The vadose zone beneath the Z Plant Aggregate Area ranges

30 in thickness from about 67 m (220 ft) along the southern part of the western Aggregate Area
roll boundary to 58 m (190 ft) in the vicinity of the 216-Z-9 Crib based on December 1990
32 groundwater elevation data (DOE'RL 199lb Kasza etel 1990). The observed variation in
33 vadose zone thickness is the result of variable surface topography and the variable elevation
34 of the water table in the underlying unconfined aquifer. The area of least saturated thickness
35 generally lies above a groundwater mound identified in the unconfined aquifer south and east
36 of the Z Plant building complex (Figure 3-42). As discussed in Section 3.5.2.4, the mound
37 apparently originated from historical discharges to the U Pond, southwest of the Z Plant.
38
39 Published vadoso zone hydauilic data oii osi apo rsbu a. poain
40 advaneed in the Z Pmtaggrogate Aca woro not found. Ibowcvcre, ongoing work by tho
41 Wcstinghceusc Hafcrd Company Ev,.irnmoiintal Tchnoelogy, Risk and Pfformfanoc
42 Aszesmfft grou to1,:1: :11v i!:lu'atio ptnitial ontaminafit tansport fromn a8rpsdfciiyi-h
43 Low- Lovol Solidi Wastcfp Br~ial Gruinds ftilizes soilapofrmWl29W79nth
44 norfth side of the 218 WX 5 Burfial Cround ini the Z Plaiit Aggog ate Area. in this tudy,
45 laoaoymauo si osuortntion u.'cs wero used to ostimnate vadoso zne soil
46 hydraulic conductitivity aluoes for- use in a uoialmdligaalysis. T-ho s.olsamicls

41J --
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a i u od t pro aro t o mo stur r t ti n res w ere cllotd fromi the roeforoncoe d w ell. A2 summf of the moeisturo cototnt and hy~draulic conductivity valuoes is prosonted bolow.
3

Galeulated Saturated
Sample-Depth-In MeisturoeGentent Hydreuie

4 Seil-H1eiizen Meters We-4- -Coductivits

5 Hanferd Fermation 37 G§ 9,20 4-2-"2
6 Early-Palcus"e Seil 49-8 0-38 7-@0-6

24-4 G-8
7 Plie Plobtocone U 2679 9-24 4-l3-

309 0463 G2-6 24-x--O31-" O-9M 0
8 Upper-Rigel 344-2 9-24 4-k402

9 Middle-Riffgeld 4G.4 &.-2- .Gx4!
- 43-2 G24 +-9-h49±10
11 3.5.3.1.2 Perched Water Zones. The chrdeisti, tend stratigraphic psibn
12 df thPli& P>,scn mn aly"ouse" l unts gnte2 et, Area provide13 condi46ns for co1Thction and, poSible mnovemnent ofyvad4e zbne, recharge water above the
14 iW

5 southiwest oftePirlitcn ntidiaetepsiiiyo ece water zones.
16-"
17 Downward-moving moisture in the vadose zone, whether from precipitation recharge or18 artificial recharge, may accumulate on or within the Plio-Pleistocene and early "Palouse" soil19 units beneath the Z Plant Aggregate Area. The top of the Plio-Pleistocene Unit occurs at20 elevations ranging from 152 m to 203 m (500 to 665 feet) (18 m to 61 m [60 to 200 ft]21 below ground surface}), or about 20 m (64 ft) above the unconfined aquifer at locations south22 and west of the main Z Plant building complex, and about 64 m (203 ft) above the23 unconfined aquifer near the northern corner of the Z Plant Aggregate Area. The early24 "Palouse" soil horizon is typically encountered at depths of between 35 to 45 m (120 to 14025 ft) below ground surface, 15 to 20 m (50 to 70 ft) above the water table in the unconfined26 aquifer.

27
28 As an additional means of evaluating potential perched groundwater zones, soil29 moisture content data obtained during completion of recent Z Plant Aggregate Area30 groundwater monitoring wells in the burial ground areas (Goodwin and Bjornstad 1990) were31 reviewed. These wells include 299-W7-7, 299-W7-8, 299-W7-9, 299-W7-10, 299-W15-19,32 299-W15-20, 299-W15-21, 299-W15-23, 299-W15-24, and 299-W15-26, and are identified33 on Figure 3-14. Soil moisture contents from the wells are presented in Table A-1. Table34 A-1 presents the soil sample moisture contents (weight percent H20) by depth.
35 Corresponding soil horizons and formation contacts have also been identified in the table to36 assist in assessing the distribution of soil moisture. Depths of sediment unit contacts for37 wells 299-W7-9, 299-W7-10, 299-W15-20, 299-W15-23, and 299-W18-26 in Table A-I were

3-29



DOE/RL-91-58
Draft B

1 taken from lithologic interpretations by Lindsey et al. (1991) for these wells (Figure 3-1l.302 Depths of sediment unit contacts for wells 299-W7-7, 299-W7-8, 299-W15-19, 299-W15-21,
3 and 299-W15-24 were inferred using well log information in Goodwin and Bjornstad (1990).
4
5 Soil moisture contents in Table A-1 range from 1 to 23 percent water by weight.
6 Where the Plio-Pleistocene or Early "Palouse" units were encountered, increased soil
7 moisture contents were associated with these units, compared to moisture contents for units
8 above and below (wells 299-W7-8, 299-W7-9, 299-W15-21, and 299-W15-26). Also, for
9 many of these wells, the moisture content in soil samples collected within or just above these

10 units was 10 percent or greater. Elevated moisture contents (11 to 22 percent) were also
11 noted locally in Hanford formation soils in wells 299-W7-8, 299-W15-20 and 299-W15-21.
12 CM miredata t otum& ercet, bi sl dft t13
14
15 The trend toward increased soil moisture contents in the Plio-Pleistocene and Early

96 "Palouse" soil may be an indication of a tendency for water retention within or above these
,r-17 units. Within the Hanford formation, elevated moisture contents may reflect very localized

18 increased fines content of the soils. Additional evaluation of the soil moisture data (such as
17I9 conversion from weight percent to volume percent moisture) would be needed to further
-20 evaluate the potential for moisture transport and to assess the potential for development of

21 perched zones in the wells listed.

23 Perched water was reportedly encountered during drilling of groundwater monitoring
24 well 299-W18-29. The well is located in the Z Plant Aggregate Area near the southern end25 of the 216-Z-20 Crib (see Figure 3-14 for location). The well is screened between 169 m

6 (555 ft) and 164 m (539 ft) above sea level, intersecting the Plio-Pleistocene unit. Water has
27 been reported in this well, however a current water level is not available. The presence of

-78 water in this zone is likely due to waste disposal practices at the 216-Z-20 Crib.
-20

30 3.5.3.2 Natural Groundwater Recharge. As discussed in Section 3.3.3, no natural surface
r 1 water bodies exist within the Z Plant Aggregate Area. Therefore, the potential for natural
32 groundwater recharge within the Z Plant Aggregate Area is limited to precipitation
33 infiltration. No precipitation infiltration data were identified with specific reference to the Z
34 Plant Aggregate Area. However, the amount of precipitation infiltration is likely comparable
35 to the range of values identified for various Hanford test sites, i.e., 0 to 10 cm (0.4 i )36 e .yeA
37
38 As suggested in Section 3.5.2.2, precipitation infiltration rates probably vary with
39 respect to location within the Z Plant Aggregate Area. Higher infiltration rates are expected
40 in unvegetated areas or areas with shallow rooting plants igher infiltation rates ac air
41 expeeted in areas with gravelly soils exposed at the surface6i;and{ she the
42 loogaphyis fht n 1e7ahwvr eagey49ow to neaq ecrge'rates are
43 expecaed

44
45 3.5.3.3 Groundwater Flow Beneath the Z Plant Aggregate Area. Within the Z Plant
46 Aggregate Area, groundwater flow is generally toward the east, based on December 1990
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1 Hanford wells groundwater elevation data similar to the June 1990 flow data from Kasza et
2 al. (Figure 3-42). Flow is generally away from the groundwater mound located
3 below the former U Pond in the southern part of the aggregate area. A review of
4 groundwater maps of the unconfined aquifer (Kasza et al. 1990) indicates relatively steep
5 decreases in groundwater elevations directly east of the mound and more gradual elevation
6 decreases to the west. Groundwater elevations across the central and northern portions of the
7 Z Plant Aggregate Area are more or less steady.
8
9 3.5.3.4 Historical Effects of Operations. Data identified for this study were not sufficient

10 to quantitatively evaluate the effect of wastewater discharges to the soil column from Z Plant
11 Aggregate Area waste management units on groundwater flow in the unconfined aquifer.
12 Calculations discussed in Section 4.1.8 suggest that wastewater discharged to the 216-Z-1,
13 216-Z-2, 216-Z-3, 216-Z-5, 216-Z-6, 216-Z-7, 216-Z-12, 216-Z-16, and 216-Z-18 Cribs;
14 216-Z-4, 216-Z-9, and 216-Z-17 Trenches; 216-Z-lA Tile Field; and 216-Z-10 Reverse Well
15 may have infiltrated to the underlying unconfined aquifer. Although estimates of the total

o 16 volume of fluid discharged to each of these facilities were found (Table 2-2), discharge rates
17 were not identified. Therefore, estimating the potential water level rise associated with
18 individual waste management units by means of a point source algorithm (e.g., the Theis
19 equation) could not be done.
20
21 Comparison of total waste water discharges to the soil column from Z Plant Aggregate
22 Area waste management units (exclusive of the 216-Z-20 Crib and the 216-Z-21 Seepage
23 Basin) to that of U Plant Aggregate Area waste management units over the same period of
24 record (1949 to present) indicates that at least until 1985, discharges to the U Ponds were
25 several orders of magnitude greater than discharges to Z Plant Aggregate Area waste
26 management units. Correspondingly greater historical groundwater impacts would be
27 expected beneath the U Ponds.
28
29 Currently, an estimated 1.5 x 10C L/yr (42 x 1$y of liquid are discharged to
30 sanitary tile fields clustered around the Z Plant complex and approximately 5 x 101 L/yr
31 are discharged to the 216-Z-20 Crib and the 216-Z-21 Seepage Basin east of the
32 Z Plant Building complex. These values may be as much as 15 percent of the annualized
33 discharge rate (approximately 4 x 10 L/yr ) to the 216-U-10 Ponds System
34 for the period 1944 to 1985. Therefore, continuing Z Plant complex wastewater discharges
35 may contribute to the maintenance of the groundwater mound identified in the southern part
36 of the Z Plant Aggregate Area.
37
38
39 3.6 ENVIRONMENTAL RESOURCES
40
41 The following subsections provide information regarding Hanford Site environmental
42 resources including flora fauna (Section 3.6.1), land use (Section 3.6.2), and water use
43 (Section 3.6.3).
44
45 The Hanford Site is characterized as a cool desert or a shrub-steppe and supports a
46 biological community typical of this environment.
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I0
2 3.6.1 Flora and Fauna
3
4 The 200 Areas Plateau is represented by a number of plant, mammal, bird, reptile,5 amphibian, and insect species as discussed below.
6
7 3.6.1.1 Vegetation of the 200 Areas Plateau. The vegetatien-ef-he 200 Areas Plateau is8 characterized by native shrub steppe interspersed with large areas of disturbed ground with a9 dominant annual grass component. The native stands are classified as an Artemisia

10 tridentata/Poa sandbergli - Bromus zectorum community (Rogers and Rickard 1977) meaning11 that the dominant shrub is Bbig Siagebrush (Artemisia tridentata) and the understory is12 dominated by the native Sandberg's Bluegrass (Poa sandbergii) and the introduced annual13 Cheatgrass (Bromus tectorum). Other shrubs that are typically present include Gray
14 Rabbitbrush (Chrysothamnus nauseosus), Green Rabbitbrush (C. viscidiflorus), Spiny15 Hopsage (Grayia spinosa), and occasionally Antelope Bitterbrush (Ptjia & tridentata).N- 16 Other native bunchgrasses that are typically present include Bottlebrush Squirreltail (Sitanion17 hystrix), Indian Ricegrass (Oryzopsis hymenoides), Needle-and-Thread (Stipa eemata
18 comde) and Prairie Junegrass (Kokia $ cristata). Common and important719 herbaceous species include Turpentine cymopteris (Cymopteris terebinthinus), Globemallow
20 (Sphemeee S rc munroana), balsamroot (BdIsamorhiza careyana), several Milkvetch21 species (Astragalus caricinus, A. sclerocarpus, A. succumbens), Long-leaf Phlox (PhloxX22 longifolia), the common Yarrow (Achillea millifolium), Pale Evening-primrose (Oenothera23 pallida), Thread-leaf phacelia (Phacelia linearis), and several Daisy/Fleabane Species24 (Erigeron poliospermus, E. Filifolius, and E. pumilus). In all, well over 100 plant species725 have been documented to occur in native stands on the 200 Areas Plateau.

.26
27 Disturbed communities on the 200 Areas Plateau are primarily the result of either-28 mechanical disturbance or range fires. Mechanical disturbance, including construction

_49 activities, soil borrow areas, road clearings, and fire breaks, results in drastic changes to the30 plant community. This type of disturbance usually entails a complete loss of soil structure
rS1 and total disruption of nutrient cycling. The principle colonizers of mechanically disturbed32 areas are the annual weeds Russian Thistle (Salsola kali), Jim Hill Mustard (Sisymbrium33 altissimum), and Bur-ragweed (Ambrosia acanthicarpa). If no further disturbance occurs, the34 areas will eventually become dominated by cheatgrass. All of these annual weeds are35 occasionally found in native stands, but only at relatively low frequencies.

36
37 Range fires also have dramatic effects on the overall ecosystem, the most obvious being38 the complete removal of Sagebrush from the community, and the rapid increase in cheatgrass39 coverage. Unlike the native grasses, the other important shrubs, and many of the perennial40 herbaceous species, Sagebrush is unable to resprout from rootstocks after being burned.41 Therefore, there is no dominant shrub component in burned areas until Sagebrush is able to42 become re-established from seed. Burning also opens the community to the invasion by43 cheatgrass which is capable of quickly utilizing the nutrients that are released through
44 burning. The extensive cover of cheatgrass may then prevent the re-establishment of many45 of the native species, including Sagebrush. The species richness in formerly burned areas is
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1 usually much lower than in native stands, often consisting of only Cheatgrass, Sandberg's
2 Bluegrass, Russian thistle, and Jim Hill Mustard, with very few other species.
3
4 The vegetation in and around the ponds and ditches on the 200 Areas Plateau is
5 significantly different from that of the surrounding dryland areas. Several tree species are
6 present, especially Cottonwood (Populus trichocarpa) and Willows (Salix spp.). A number
7 of wetland species area also present including several sedges (Carex spp.), bulrushes (Scirpus
8 spp.), Cattails (Typha latifolia and T. angustifolia), and pond-weeds (Potamogeton spp.).
9

10 3.6.1.2 Plant Species of Concern. The Washington State Department of Natural
11 Resources, Natural Heritage Program classifies rare plants in the State of Washington in
12 three different categories, depending on the overall distribution of the taxon and the state of
13 its natural habitat. These categories are: Endangered, which is a "vascular plant taxon in
14 danger of becoming extinct or extirpated in Washington within the near future if factors
15 contributing to its decline continue. Populations of these taxa are at critically low levels or
16 their habitats have been degraded or depleted to a significant degree"; Threatened, which is a
17 "vascular plant taxon likely to become endangered within the near future in Washington if
18 factors contributing to its population decline or habitat degradation or loss continue"; and

O7 19 Sensitive, which is a taxon that is "vulnerable or declining, and could become endangered or
20 threatened in the state without active management or removal of threats" (definitions taken
21 from Washington Deparfment ef Natural Reseurees Hr 9rogra1 1990). Of concern to
22 the Hanford Site, there are two Endangered taxa, two Threatened taxa, and at least eleven
23 Sensitive taxa; these are listed in Table 3-3. All four of the Threatened and Endangered taxa
24 are presently candidates for the Federal Endangered Species List.
25
26 Of the two Endangered taxa, Persistantsepal Yellowcress '(Rt t6Tnbiae) is well
27 documented along the banks of the Columbia River throughout the 100 Areas, it is unlikely
28 to occur in the 200 Areas. The Northern Wormwood (A r ia campstisp.boralls) is
29 known in the State of Washington by only two populations, one across from The Dalles,
30 Oregon, and the other near Beverly, Washington, just north of the Hanford Site. This taxon

a-, 31 has not been found on the Hanford Site, but would probably occur only on rocky areas
32 immediately adjacent to the Columbia River if it were present. Neither of the Threatened
33 taxa listed in Table 3-3 have been observed on the Hanford Site. The Columbia Milkvetch
34 i known to be relatively common on the Yakima Firing Range,
35 and has been documented to occur within 1.6 to 3.2 km (1 to 2 mi) to the west of the
36 Hanford site on both sides of Umptanum Ridge. This species could occur on the 200 Areas
37 Plateau. Hoover's Desert Parsley (LtiUm ttberosum) inhabits the steep talus slopes near
38 Priest Rapids Dam. Potentially, it could be found on similar slopes on Gable Mountain and
39 Gable Butte, but has yet to be documented in these areas.
40
41 Of the Sensitive species, five are inhabitants of aquatic or moist habitats and the other
42 six are inhabitants of dry upland habitats. Dense Sedge (Carel.denya), Shining Flatsedge
43 drs)., Southern Mudwort ..im4set .. l.s), and False Ppimpernel (4M.
44 are all known to occur in the 100 Areas, especially near the B-C Area, in or
45 near the Columbia River. Some of these species could be present in or near ponds and

W 46 ditches in the 200 Areas. The few-flowered collinsia ("'p yamay
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1 also occur in these habitats. The Gray Cryptantha (p rh"A iM"e"ophaea) occurs on open
2 dunes throughout the Hanford Site. Piper's Daisy (Ergn pianus) is fairly common on
3 Umptanum Ridge and Rattlesnake Ridge, but has also been documented in the vicinity of B-
4 pond, the A-24 Crib, and 100-H Area. Bristly Cryptantha ietrr rahd
5 Dwarf Evening-primrose ( have been found at the south end of the
6 White Bluffs, approximately 3.2 km (2 mi) upstream from the 300 Area. The Palouse Milk-
7 vetch s s and Coyote tobacco are not as well
8 documented but are known to inhabit dry sandy areas such as the 200 Areas Plateau.
9

10 In addition to the three classifications for species of concern listed above, the Natural
11 Heritage Program also maintains a "Monitor" list, which is divided into three groups. Group
12 1 consists of taxa in need of further field work before a formal status can be assigned. The
13 Tooth-sepal Dodder (Cuscuta denticulata), which has been found in the State of Washington
14 only on the Hanford Site is the only taxon in this group that is of concern to Hanford
15 operations. This parasitic species has been found in the area west of McGee Ranch. Group

;4 6 2 of the Monitor list includes species with unresolved taxonomic questions. Thompson's
17 sandwort (Arenariafranklinii var. thompsonii) is of concern to Hanford operations.

"18 However, the representatives of this species in the State of Washington are now believed to
C59 all be variety franklinii which is not considered particularly rare. Group 3 of the Monitor

20 list includes taxa that are either more abundant or less threatened than previously believed.
-21 There are approximately 15 taxa on the Hanford site that are included on this list

r,92
23 3.6.1.3 Fauna of the 200 Areas Plateau. The mammals, birds, reptiles, amphibians
34 inhabiting the 200 Areas Plateau are discussed below.
25
26 3.6.1.3.1 Mammals. The largest mammal occurring on the 200 Areas Plateau is the
27 mule deer (Odocoileus hemionus). Although mule deer are much more common to riparian

-28 sites along the Columbia River they are frequently observed foraging throughout the 200
29 Areas. Elk (Cervus elaphus) also occur at Hanford but they have only been observed at theTh0 Arid Lands Ecology Reserve. Other mammal species common to the 200 Areas include

r01 badgers (Taxidea taxus), coyotes (Canis latrans), blacktail jackrabbits (Lepus californicus),
32 Townsend ground squirrels (Spermophilus townsendii), Great Basin pocket mice
33 (Perognathus parvus), pocket gophers (Thomomys talpoides), and deer mice (Peromyscus
34 maniculatus). Badgers are known for their digging capability and have been implicated
35 several times for encroaching into inactive burial grounds throughout the 200 Areas. The
36 majority of the badger excavations in the 200 .Areas are a result of badgers searching for
37 prey (mice and ground squirrels). Coyotes are the principal predators, consuming such prey
38 as rodents, insects, rabbits, birds, snakes and lizards. The Great Basin pocket mouse is the
39 most abundant small mammal, which thrives in sandy soils and lives entirely on seeds from
40 native and revegetated plant species. Townsend ground squirrels are not abundant in the 200
41 Areas but they have been seen at several different sites. Other small mammals that occur in
42 low numbers include the Western harvest mouse (Reithrodontomys megalotis) and the
43 Grasshopper mouse (Onychomys leucogaster). Mammals associated more closely with
44 buildings and facilities include Nuttall's cottontails (Sylvilagus nuttalli), house mice (Mus
45 musculus), Norway rats (Rattus norvegicus), and some bat species. Bats probably play a
46 minor role in the 200 Areas' ecosystem but no documentation is available on bat populations
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1 at Hanford. Mammals such as skunks (Mephitis mephitis), raccoons (Procyon lotor), weasels
2 (Mustela spp.), porcupines (Erethizon dorsatum), and bobcats (Lynx rufus) have only been
3 observed on very few occasions.
4
5 3.6.1.3.2 Birds. Over 235 species of birds have been documented to occur at the
6 Hanford Site (Landeen et al. 19909 ). At least 100 of these species have been observed in
7 the 200 Areas. The most common passerine birds include starlings (Sturnus vulgaris),
8 horned larks (Ermophila alpestris), meadowlarks (Sturnella neglecta), Western kingbirds
9 (7yranus vinieas r Is rock doves (Columba livia), barn swallows (Hirundo rustica),

10 cliff swallows (Hirundo pyrrhonota), black-billed magpies (Pica pica) and ravens (Corvus
11 corax). Common raptors include the Northern harrier (Circus cyaneus), American kestrel
12 (Falco sparvarius), and Red tailed hawk (Buteojamaicensis). Swainson's hawks (Buteo
13 swainsoni) sometimes nest in the trees located at some of the army bunker sites that were
14 used in the 1940's. Golden eagles (Aquila chrysaetos) are observed infrequently. Burrowing
15 owls (Athene cunicularia) nest at several locations throughout the 200 Areas. The most
16 common upland game birds found in the 200 Areas are California Quail (Callipepla
17 californica) and Chukar partridge (Alectoris chukar), however, Ring-necked pheasants
18 (Phasianus colchicus) and Gray partridge (Pem MI perdix) may be found in limited

o 19 numbers. The only native game bird common to the 200 Areas Plateau is the Mourning dove
20 (Zenaida macroUra) which migrates south each fall. Other species of note which nest in
21 undisturbed sagebrush habitats in the 200 Areas include Sage sparrows (Amphispiza belli)-

e' 22 and Loggerhead shrikes (Lanius ludovicianus). Long-billed Curlews (Numenius americanus)
23 also use the sagebrush areas and revegetated burial grounds for nesting and foraging.
24
25 Waterfowl and aquatic birds inhabit B-Pend thei216-B.3Pbnd and other areas where
26 there is running or standing water. However many of these areas such as *i2-16-A-2927 Ditch are becoming more scarce due to stabilization and remedial action cleanup activities.
28 Aquatic birds and waterfowl common to B-Pend 216- P on a seasonal basis include
29 Canada Geese (Branta canadensis), American coot (Fulica americana), Mallard (Anas
30 platyrhynchos), Ruddy duck (Oxyurajamaicensis), Redhead (Aythya americana), Bufflehead
31 (Bucephala albeola). and Great blue heron (Ardea herodius).
32
33 3.6.1.3.3 Reptiles and Amphibians. Common reptiles include gopher snakes
34 (Pituophis melanoleucus) and sideblotched lizards (Uta stansburiana). Other reptiles and
35 amphibians which are infrequently observed include sagebrush lizards (Sceloporus graciosus),
36 homed toads (Phryosoma deuglassi ) western spadefoot toads (Scaphiopus
37 intermontana), yellow-bellied racer (Coluber constrictor), Pacific rattlesnake (Crotalus
38 viridis), and striped whipsnake (Masticophis taeniatus). Both lizards and snakes are prey
39 items of mammalian and avian predators.
40
41 3.6.1.3.4 Insects. There are hundreds of insect species which inhabit the 200 Areas.
42 Two of the most common groups of insects include several species of darkling beetles and
43 grasshoppers. Harvester ants are also common and have been implicated in the uptake of
44 radionuclides from some of the burial grounds in ffi 200 East At. Harvester ants havethe
45 abi-ity-e to < excavate and bring up material from as far down as 4.6 to 6.1 f 5:t i (15
46 to 20 ft). Other major groups of insects include bees, butterflies, and scarab beetles. Insects
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1 impact the surrounding plant community as well as serving as the prey base for many species2 of birds, reptiles, and mammals.
3
4 3.6.1.4 Wildlife Species of Concern. Some animals which inhabit the Hanford Site have5 been given special status designations by the state and federal government. Some of these6 designations include state and federal threatened and endangered species, federal candidate,7 state monitor, state sensitive, and state candidate species. Species listed in Table 3-4 as state8 and/or federal threatened and endangered such as the bald eagle (Haliaeetus leucocephalus),9 peregrine falcon (Falco peregrinus), American white pelican (Pelecanus erythroryhnchos),10 ferruginous hawk (Buteo regalis), and sandhill crane (Grus canadensis) do not inhabit the11 200 Areas. The bald eagle and American white pelican utilize the Columbia River and12 associated habitats for roosting and feeding. Peregrine falcons and sandhill cranes fly over13 the Hanford Site during migration. Ferruginous hawks nest on the Hanford Site but nesting14 has not been documented for this species on the 200 Areas Plateau. Other species listed in15 Table 3-4 as state and/or federal candidates and state monitor species such as burrowing owls16 a , Great Bblue Hherons (24rdeaherbdhi ) Prairie falcons (Falco,47 mexicanus), Sage sparrows (Aand Loggerhead shrikes (Lis tuds

18 are not-uncommon to the 200 Areas Plateau.
C19
-20
21 3.6.2 Land Use

022
i23 The Z Plant Aggregate Area is the location of the Z Plant building complex and its24 attendant facilities (e.g., 234-5Z Building, 231-Z Building, 242-Z Building and other'25 structures) and the 218-W Solid Waste Burial Grounds.
46
27 Past activities at the Z Plant included plutonium separation from waste streams-28 generated in other 200 Areas facilities and plutonium and americium recovery from in-plantwaste streams. Historically, liquid waste generated in Z Plant was disposed of to various30 land disposal units. Low-level and mixed waste from Z Plant, other Hanford facilities, and41 off-site facilities was deposited in the 218-W Burial Grounds. Various storage facilities
32 offices, and laboratories are also located in Z Plant. Waste management units that remain33 active are noted in Table 2-1.
34
35 A h ti af d s adminitrativ a expeced to36 

Roy**% «<' 
.;< ~.~cho1&at6 reain hisway o esurepubic hahhand safety and tOr reasons of nanional security.37

38
39 3.6.3 Water Use
40
41 There are no consumptive use of groundwater within the 200-West-Area Z.a t
42 A6A . Water for drinking and emergency use, and facilities process water is43 drawn from the Columbia River, treated, and imported to the 200 West Area. The nearest44 wells used to supply drinking water are located at the Yakima barricade (well 699-49-iO-C),45 about 5 km (.14fmi) west of the 200 West Area7: at the Hanford Safety Patrol Training46 Academy (well 699-S28-EO) about 40 km (25 mi) to the southeast; at the PNL Observatory
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1 (well 6652-C); and near the Fast Flux Test Facility in the 400 Area, about 32 km (2046i) to
2 the southeast. The nearest water supply wells are located off site about 15 km (9. i) to
3 the northwest. These 1ftii wells obtain their water from the basalt and the basalt interbeds
4 (The Berkshire well and ChAa4 Ste. Michelle No. I and No. 2). The latter wells are
5 reportedly used for irrigation although they may also be used to supply drinking water.
6
7
8 3.7 HUMAN RESOURCES
9

10 The environmental conditions at the Z Plant Aggregate Area must be evaluated in
11 relationship to the surrounding population centers and other human resources. The-feHewing
12 subsections provide an ovcryiew of the demography (Section 3. .. , arehacslgy fSecti
13 3.7.2), histia reso es (Section 3.7.3), and commumni y invoeme sin .
14 relatinlg to the Hanford Site and the Z Plant Aggregate Area. X',' yt-bi&Z sfymry. n 6f
15 given
16
17
18 3.7.1 Demography

o 19
20 There are no residences on the Hanford Site. The nearest inhabited residences are
21 farm homes on land located 21 km (13 mi) north of the Z Plant Aggregate Area. There are

cn 22 approximately 28,009 40 , people living within a 80 km (50 mi) radius of the 200 Areas
23 plateau. The primary population centers are the cities of Richland, Kennewick, and Pasco,
24 located southeast of the Hanford Site, Prosser to the south, Sunnyside to the southwest, and
25 Benton City to the southeast.
26
27
28 3.7.2 Archaeology
29
30 An archaeologic survey has been conducted of undeveloped portions of the 200 West

cr' 31 Area by the Hanford Cultural Resources Laboratory. Isolated artifacts and sites of interest
32 were identified in the 200 West Area but not within the Z Plant Aggregate Area. The closest
33 site of interest is the remains of the White Bluffs Road, located approximately 1.6 km (I mi)
34 northwest of the aggregate area, which was previously an Indian trail.
35
36
37 3.7.3 Historical Resources
38
39 The only historic site in 200 West Area is the old White Bluffs feeigMi road which
40 crosses diagonally through the vicinity. This site is not considered to be eligible for the
41 National Register.
42
43
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1 3.7.4 Community Involvement
2
3 A Community Relations Plan (GRP) (Ecology et al. 1989) has been developed for the4 Hanford Site Environmental Restoration Program which includes any potentially affected5 community with respect to the Z Plant AAMS. The GRP CoRIiOyjRelations PIa6 includes a discussion on analysis of key community concerns and perceptions regarding the7 project, along with a list of all interested parties.
8
9

10
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Figure 3-11. Geologic Structures of the Pasco Basin and the Hanford Site.

3F-11



DOE/RL-91-52
Draft B

Member
(Formal and Informal)

Sediment Stralgraphy
or Basalt Flows

Surlicial Units
s Io

t*I EI in

wtg 2 r
<0a

in

E
.2

IC
Z 'i I -

- 0

0.=

Ringold Formation

Ie Hatbor Member

basat of Goose Island
basalt of Manindale
bas a!! o: Basin City

Levev interbed
basat of Ward Gao

Eiephant Mountain Member bas alt of Eleohant Mountai
Ra-lesnake Ricca inte'

Pomona Member basal ol Pomona
Selah intebed

Esqua::el Member basall of Gable Mountain
Cold Creek interbed

AsotinMember basalt o! Hurtrincer

bed

basalt of Lamvai
WVbur Creek Member I basal; of Watlke

basa of SiIILsi
Umatilla Member basat or Umailla

SMabtion interbed
basalt of Loo

Pries: Rapids Member basat of Rosala
- incy vnlrbed

Roa Member basalT ot Roza
~*Souaw Creek inteted
basalt of Lyons Ferry
b;sal! o! Sen:ine' Gaz

Frentman SprinGs Member basalt W, s and Hoo
basalt of Silver Fails
basal o: Ginkoo
bass.. of Palotise Falls

. Variate interb'ed
basafi or Museum
basalt of Rockv Coulee

Sentinel Blufls Unit basaft of Leverino
basan of Cohassert

N basalt of Birke"t
basalt of McCoy Canyon

|Umlanum Unl basaf of Umtanum
Sla:k Canyon Unit
Oriley Unt basalt of Benson Ranch
Grouse Creek Unit
Waoshilla Rldce Una
MI. Horrtle Unit
China Creek Unit
Teeoeo bulle Unit
Buckihom Spnirgs Unit

Rck Creek Unit

'T. e Granda Ronde Basaft consists of al least 120 major basalt flows. Only a few flows have been named.
N2. R2. N, and R, are magneltostratigraphic units.

Figure 3-12. Generalized Stratigraphy of the Hanford Site.

3F-12

E,
0*

a . "
S.

W IzerbeTouds

Plio-Pleisliocene unit

7,

C

0

8.5

10.5

12.0

13.5

C
C
U
.2

a
0

a

a
.0
C

--414.5

a
6

-[ 15 6

16.5

I,
it
a
0
C
C

a

C

(3

it.

S

175



DOE/RL-91-58
Draft B

Holocene Surficial Deposits

Gravel- Send- Silt-
Dominated Dominated Dominated o

Pleistocene u.

? Early "Palouse" Sol[

Ringoid FM ? Pre-Missoula Gravels

. - Plo-PleIstocene Unit

_ Pliocene-Pleistocene
Boundary

Ringold Unit E

Pliocene -

(0

Ringold Unit C E

Ringold ?-?Ringold
Unit D Unit B c

Lower Mud Sequence

Miocene - Paleosols

Columbia River Basalt Group

H9112007.1

Figure 3-13. Generalized Stratigraphy of the Suprabasalt Sediments
Beneath the Hanford Site.
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Figure 3-14. Location of Geologic Cross Sections.
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GRAIN SIZE SCALE

Cobble-boulder Gravel
Pebble Gravel
Sand
Clay/Silt

UNIT ABREVIATIONS

Hc Upper Coarse Unit, Hanford formation
Hf Lower Fine Unit, Hanford formation
EP Early "Palouse" Soil
PP Plio-Pleistocene Unit
UR Upper Unit, Ringold Formation
E Gravel Unit E, Ringold Formation
LM Lower Mud Sequence, Ringold Formation
A Gravel Unit A, Ringold Formation

SYMBOLS

-? Formational Contact, ? Where Inferred

- - Unit Contact, ? Where Inferred

Major Facies Contact

Z:- Pedogenic Calcium Carbonate

Paleosols

Ringold Clast Supported Gravels

Open Framework Hanford Gravels

Laminated Muds

Basalt

Blank portions of cross section well logs represent sediments
(dominantly sand) which do not fit into sediment categories
depicted by symbols listed above.

NOTES

1. Refer to Figure 3-14 for cross section locations and designation. Cross sections
presented on Figures 3-4& through 3--26

2. Figures based on Lindsey et al. 1991.

Figure 3-15. Legend for Cross Sections.
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Figure 3-20. Z Plant Aggregate Area Geologic Cross Section E-E'.
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Figure 3-27. Structure Map of the Ringold Gravel Unit E.
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7 Groundwater Table

v Potential Perching Layers (Localized, potential perched
groundwater may also be associated with fine-grained
sediments of Hanford formation and upper ringold unit)

(D) Unit Not Continuous Over Z Plant Aggregate Area

Lithology, stratigraphy, and groundwater conditions
based on data from Lindsey et af. (1991), and Delaney
et al. (1991).

Figure 3-43. Conceptual Hydrogeologic Column for
the Z Plant Aggregate Area.
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Table 3-1. Hydraulic Parameters for Various Areas and Geologic Units

at the Hanford Site.

Hydraulic
Location Interval tested conductivity (m/d)

Pasco Basin

100 Area

200 Areas

200 West Area

Hanford formation
Ringold Formation

Unit E
Ringold Formation

Unit A

Ringold Formation Unit E

Hanford formation
Ringold Formation

Unit E
Ringold Formation

Unit A

Ringold Formation
Unit E

Ringold Formation
Unit A

Lower Ringold

laboratory

150 - 6,200

6 - 180

0.03 - 3

9 - 395

610 - 3,050

2.7 - 70

0.3 - 3.6

0.02 - 61

0.5 - 1.2

9 x 10-6 - 2.4 x 10-'

Slug Tests at U-12
Crib

Upper Ringold

Hanford Formation

Ringold Formation

Ringold Formation

Units C/B

Ringold Formation
Overbank Deposits

3,350 - 15,250

0.58 - 3,050

0.09 - 1.5

2.4 x 10-4

0.03

3T-1

2.4 - 13

300 Area

300 Area

1100 Area

1100 Area



DOE/RL-91-58

Draft B

Table 3-2. Summary of Reported Hydraulic Conductivity Values for
Hanford Site Vadose Zone Sediments. (Sheet 1 of 2)

Reported Hydraulic
Conductivity Value Reported Geologic Test Area or Measurement

or Range of Water Content Unit or Sampling Method or Basis
Values in cm/s Volume Percent Sediment Type Location for Reported Value

6.7 x 10' 10 Sand 200 Area Lysimeter Soil
Experiments

1.7 x 10 4  7

1.7 x 109 5.5

1.7 x 100 5

1.3 x 10"' 4.3

2.6 x 10 31 Sandy soil reported Unsaturated
as "typical or many column studies.
surface materials at

5.7 x 10' (sat) 56 the Hanford Site."

6.3 x 101 2.9 Near-surface soils 2-km south of K estimates using
200 East Area water retention

2.2 x 107" 2.8 curve data.

5.40 x 104 8.3 Sandy fill excavated Buried Waste Laboratory steady-
from near-surface Test Facility state flux

9.78 x 10- (sat) 42.2 soil (Hanford (BWTF): 300 measurements.
formation) with 1.27- North Area

8.4 x 10' (sat, na cm particle size Burial Grounds
arithmetic mean of fraction screened out.
four measurements)

8 x 10r 11 na BWTF: Unsteady drainage-
Southeast flux field

4 x 1' (Southeast 26 na Caisson, and measurements.
Caisson North Caisson

Ix 10 8  10 na

1 x 10 (North 29 na
Caisson)

4.5 x 10 (arithmetic Field Saturation na BWTF North Guelph
mean of 15 Caisson and permeameter field
measurements) area north of measurements

caisson

3T-2a
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Table 3-2. Summary of Reported Hydraulic Conductivity Values for
Hanford Site Vadose Zone Sediments. (Sheet 2 of 2)

Reported Hydraulic
Conductivity Value Reported Geologic Test Area or Measurement

or Range of Water Content Unit or Sampling Method or Basis
Values in cm/s Volume Percent Sediment Type Location for Reported Value

1 x 10- (Upper Soil, Field Saturation Loam sand over sand Grass Site; 3 Guelph
arithmetic mean of 7 km of BWTF permeameter field
measurements) measurements

9.2 x 10 (Lower Field Saturation na
Soil, arithmetic mean
of 4 measurements)

8 x 10-7  16 Loam to sandy loam McGee Unsteady drainage-
Ranch:NW of flux field

9 x 10 40 200 West Area measurements.
on State Rt.
240

9 x 104 (arithmetic Field Saturation na Guelph
mean of 9 permeameter field
measurements measurements.

5 x i04 (sat) 50 Sand, Gravel Sediment types K., values derived
are idealized to from idealized

1 x 10 (sat) 50 Coarse Sand represent moisture content
stratigraphic curves.

5 x 1OW (sat) 40 Fine Sand layers
commonly

1 x 104 (sat) 40 Sand, Silt encountered
below 200

5 x i0-r (sat) 40 Caliche Areas liquid
disposal sites.

1.2 x 10 (sat) 19.6 to 18.9 Hanford formation Well 299-W7- van Genuchten
9, 218-W-5 equation fitted to

6.7 x 10. to 2.8 x 37.6 to 41.4 Early "Palouse" Soils Burial Ground moisture
10-' (sat) characteristic

curves for Well
1.10 x 10" (sat) 18.3 to 21 Upper Ringold 299-W7-9 soil

samples
1.80 x 104 to 3.00 x 24 to 25 Middle Ringold
10' (sat)

Notes:

na - Not identified in source.
sat - Value for saturated soil.
field saturation - Equilibrium water content after several days of gravity drainage.

3T-2b
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Table 3-3. Endangered, Threatened, and Sensitive Plant Species Reported On
or Near the Hanford Site.

Scientific Name Common Name Family - Washington
State Status

Rorippa columbiaed Suksd. ex Persistantsepal Brassicaceae Endangered

Howell Yelloweress

Artemesia campestris L ssp. Northern Wormwood Asteraceae Endangered
borealis (Pall.) Hall & Clem.
var. wornskioldiid (Bess.)
Cronq.

Astragalas columbianus"' Columbia Milk Vetch Fabaceae Threatened

Barneby

Lomatium tuberosum" Hoover Hoover's Desert- Apiaceae Threatened
Parsley

Astragalus arrectus Gray Palouse Milk Vetch Fabaceae Sensitive

Collinsia sparsiflora Few-Flowered Scrophulariaceae Sensitive

Fisch.&Mey. var bruciae Collinsia
(Jones) Newsom

Cryptantha interrupta Bristly Cryptantha Boraginaceae Sensitive
(Greene)Pays.

Cryptantha leucophaea Gray Cryptantha Boraginaceae Sensitive

Dougl. Pays

Erigeron piperianus Cronq. Piper's Daisy Asteraceae Sensitive

Carex densa L.H. Bailey Dense Sedge Cyperaceae Sensitive

Cyperus rivularis Kunth Shining Flatsedge Cyperaceae Sensitive

Limosella acaulis Ses.&Moc. Southern Mudwort Scrophulariaceae Sensitive

Lindernia anagallidea False-pimpernel Scrophulariaceae Sensitive
(Michx.)Pennell

Nicotiana attenuata Torr. Coyote Tobacco Solanaceae Sensitive

Oenothera pygnaea Dougl. Dwarf Evening- Onagraceae Sensitive
Primrose

a/ Indicates candidates on the 1991 Federal Register, Notice of Review.

3T-3
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Table 3-4. Federal and State Classifications of Animals that Could Occur
on the 200 Areas Plateau.

Name Status Federal State

Peregrine Falcon (Falco peregrinus) FE SE

Sandhill Crane (Grus canadensis) -- SE

Bald Eagle (Haliaeetus leucocephalus) FT ST

Ferruginous Hawk (Buteo regalis) FC2 ST

Swainson's Hawk (Buteo swainsoni) FC2 SC

Golden Eagle (Aquila chrysaetos) -- SC

Burrowing Owl (Athene cuniculuria) SC

Loggerhead Shrike (Lanius ludovicianus) - SC

Sage Sparrow (Amphispiza belli) -- SC

Great Blue Heron (Casmerodius albus) - SM

Merlin (Falco columbarius) -- SM

Prairie Falcon (Falco mexicanus) -- SM

Long-billed Curlew (Numenius americanus) -- SM

Striped Whipsnake (Masticophis taeniatus) -- SC

FE - Federal Endangered
FT - Federal Threatened
FC2 - Federal Candidate
SE - State Endangered
ST - State Threatened
SC - State Candidate
SM - State Monitor

Above information taken from Washington Department of Wildlife June 1991. Species of Concern in

Washington.
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4.0 PRELIMINARY CONCEPTUAL SITE MODEL
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4-1

Section 4.1 presents the chemical and radiological data obtainod from tho doumon::a
reviewed aibe for each waste management unit. These data, along with physical
descriptions of the waste management units (Section 2.0) and descriptions of the surrounding
environment (Section 3.0) are evaluated in Sections 4.2 and 5.0 in order to qualitatively
assess the potential impacts of the contamination to human health and to the environment.

Th >4t aee d s n tSection $.O. This information
is also used to identify ffpjIayM applicable or relevant and appropriate requirements
(ARARs) (Section 6.0). Contaminant information is assessed in Section 7.0 to provide a
basis for selecting remediation technologies which can be implemented at the sites.

Contaminants released into the environment at a waste management unit
re4se may migrate from the point of release into other types of media. The potentially
affected media in the Z Plant Aggregate Area include surface soil, surface water, vadose
zone soil and perched groundwater, air, and biota. The media that-are affected at a specific
waste management unit will depend upon the quantities, chemical and physical properties of
the material that-was released, and the subsequent site history itthe iyfini geitturi.

The oteda" tffdimue teacbwse nageem ujn runplanned zelease;$ter
lisedin a~ N ormainn~dectii ini and Ta~ b1 r heia&on'int.n

4.1 KNOWN AND SUSPECTED CONTAMINATION

There are two major categories of radiological and chemical data for the Z Plant
Aggregate Area: s't kpeif1W data applicable to individual waste management units and
UiQnplanned Rieleases, and area-wide environmental data that are useful in characterizing
regional contamination trends.

Some waste management units and T4nplanned kteleases have been the subject of
chemical and radiological studies in the past. However, many of these studies were limited
in scope and did not provide a comprehensive analysis of the character and distribution of the
contamination at the waste management unit locations. Typos of :rgani:/incrganie ehomfica
and radiclogieal data reviovwcd for Z Plant Aggrogato Area waste mnanagomoent units are
summorized in Table 41. The tpes of uniisppreda ntd in Table 41 wro
ebtained-frem tha are av~befrsm nt.ic eivnoyiforainufce Aie r. surface
radiological surveys, external radiation dose rate monitoring, soil and sediment sampling,
groundwater sampling, biota sampling, and borehole geophysics. To supplement the
radiological and ohomical data, waste inventory informfation indicative of contamfination at
waste mnanagomoent units is also inoludod in tho evaluation of Irnoewn and suspooted
eentaminants. Historical wNaste invorntory data arce detailod in Sootion -2.0 of this roport
(Tables 2 1 throujgh 2 3. ASdicsd in Soction 2.0, historical information was obtainod

frm ho'ID ~IC19 a)anethor souirces of waste invontory data
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1 T 4- summarzeIte tpenffnit-pifc data available f, each bf the waste

2 mnagmet K al '. nl urnnes.a ypse
3 thi rt I does not indicate

4 the sufficiency of the data, either in terms of quality or quantity. These concerns are

addressed in Section 8.0. Thgut ICiunfraton iA pVseflted for ea wse

6 managem*5SAtXecmt n Scin412

7

9 g d v n includd. Orondwae pCotamiatl toave

10 brigated f ey offer msignt tO

11 theidsriutipncof cohtamnas with, th.veriying va ;sone .A himitEd amouyt of

12 g dwa dparately'forfsome of s nti6n 4. 2.

13
14 In addition to these unit-specific data, there are area-wide data that may not be directly

15 applicable to specific waste management units within the Z Plant Aggregate Area. The

vt 16 primary sources of this general environmental information are the Environmental

17 Surveillance Annual Monitoring Reports for the 200/600 Areas by Rockwell Hanford

18 Operations (RHO) (Elder et al. 1986 and 1987), and Westinghouse Hanford Gempeny

19 (WHC) (Elder et al. 1988 and 1989, Schmidt et al. 1990 and 1994). The annual reports

20 describe several different sampling and survey programs including surface soil sampling,

21 external radiation measurements, biota sampling, air sampling, surface water sampling, and

fv 22 radiological surveys. The annual monitoring is generally directed toward assessing the effect

23 of Hanford Site-wide operations (including the 200 Areas production and processing

24 facilities) on the local environment. Until 1990, few of the sample locations were directly

25 associated with specific waste management units identified for the Z Plant Aggregate Area,

26 except for the 200WNS Selid-Weste Burial Grounds. Much of this information is therefore

27 useful only in characterizing area-wide trends. Beginning in 1990, however, several new

28 sampling locations (shown on Plate 2) were established near specific areas of suspected

29 surface contamination, such as near the main Z-Plan P building complex.

30
I 31 An additional source of Hanford Site-wide environmental data are Hanford Site

32 Environmental Reports by Pacif Nbatorics (PNL) (e.g., Jaquish and Bryce

33 1989). As part of the Hanford Site-wide monitoring program, the PNL environmental

34 reports establish regional background concentration data for many radionuclide and chemical

35 parameters. These background data were in turn used as comparative values, or used to

36 derive comparative background values in the RHO/AG4C WNO ftod annual

37 monitoring reports.
38
39 Area-wide geophysical data also exist, and include gravity, magnetic, magnetotelluric,

40 seismic refraction, and seismic reflection surveys (DOE 1988b). These studies are not useful

41 however, for characterizing the extent of chemical and radionuclide contamination. These

42 data are therefore not presented in Section 4.0 of the this report, but a general discussion of

43 this information is provided in Section 8.0.

44

4-2
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1 The types of data listed on Table 44) were reviewed to evaluate whether air, surface
2 soil, vadose zone soil, or groundwater was potentially impacted by waste handling activities
3 at Z Plant Aggregate Area waste management units. The applicability of the information to
4 specific Z Plant Aggregate Area waste management units was qualitatively reviewed, along
5 with the age and nature of the data. As a result of the this evaluation, potentially affected
6 media (air, surface soil, surface water, vadose zone soil, and biota are listed on Table 4-2 for
7 radionuclide contaminants and on Table 4-3 for organic/inorganic chemical contaminants.
8
9 Two categories of site contamfinationi were established in Tables 1 2 and~ 4 3 for the

10 puwoeses of this report: known and suspected. Known contamfiniation was determined to
11 exist at a lecadonii if at least one soil, air, or surfaee water sample chemnical testing result
12 above detectiont limfits or back~ground levels was identified inf a Published doenfift.
13 Contaminationt was eonsidered to be suspected te exist at a location rather than Inown if ene
14 or moere of the following conditions was obscned:
15
16 A release to the environenit was reported at anq engineered site for which no
17 maedia specific laboratory testing data were identified, i. e, radionuclide
18 contamination in the vadese zone beneath the 216 Z 4 Trench was suspec

- 1teause liquid waste containing radionuclides was reported to be discharged to
20 the treneek

Extera-l (afmbienD6 radiation or dosimfieter readings abovo back gru.d. JleAels were
r-.port-d at or n.e.. a waste site, e.g., sfce soil con.tam.in+ation is s-spected nl
the 216 Z 1 and 216 Z 2 CHis as a result of elevated externa radiatien readings.

Gafma logging results in boreholes completed within or adjacent to a -caste
mnanagemfent unit inidicated gammfia radiation readings above dlefined background
levels, e.g., contamination is suspected in the vadse zene below the 216 Z 7
Crib because gammifa radiation readinlgs int well 299 V.71 7 exeedbcgon
lev.els.

Data available in published data (referenced in text as applicable) indicate thata
facility not intended to receive radionuJlide EM ather hzardous mfaterials mnay
nonetheless have histofleally received such compounds. This egoyicue
the -216 Z 13, 216 Z 1 , and 216 Z 15 renh Drains.

As discussed in Section 4. E., histflieal mfligration of waste liquids fromfi
number of Z Plant waste management units is suspected. Criteria considered in
assessing whether imnpaets to the aunenfined aquifer may have occurred are as
fellows:

pGroundwater imipacts are suspected resultinlg fromi discharges to the -216 Z
10 Reverse Well due to the depth of injetion (46 mn [150 ft]). As noted- in
Sectien 3.5.3, the unccnfincd aquifer is typically encouintered at a dlepthc
58 to 67 m (190 to 220 ft) beneath Z Plant Aggregate Area.

4-3
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1I Groundwater imfpacts wore suspooted if the estimated total volumle of Iiqui

2 waste disoe oft asemngmetui as listed in TableQ 2 ,whr

3 available) exocodod the total soil pore volumoe directly belo heuitb

4 factor of one or mere. This analysis does noet consider the potential for

5 liquid to ea laeayatppecin a eabve the water table. This

6 analysis also does not coAnsider the relativemoityfvou wae

7 constituents (e.g., low for motrdouldsadtaemtlcnstituents
8 and high for nitrate and inorganic salts).
9

10 - Groundwater mpct wr suspected if a gammfa log presented in a

11 Hanford documfent indicated elevated gamma radiationt valuies fromf the

12 bottom of a waste-managemfent uital te a to the water table. The

13 only unit fallinig inito this category is the 216 Z 7 Crib,.

14
15 Additionally, little or no environmental monitoring data were found in the documents

rn) 16 reviewed for some engineered facilities where liquid or solid wastes were transferred,

17 treated, stored, or disposed. Although not listed as actual known or suspected locations of

18 contamination in Tables 4-1 and 4-5i, some degree contamination (as yet undefined) is

-19 possibly associated with these facilities. This category includes the tanks that received -Z
__20 PlewAt poeswse(g. the 216-Z-8 Settling Tank, the 241-Z-361 Settling Tank, and

21 241-Z Diversion Boxes No. 1 and No. 2) and many of the burial grounds. These types of

or 22 facilities are the subject of discussion for "data gaps" addressed in Section 8.0 of this report.

23

24 The following subsections of Section 4.1 present results of the evaluation of known and

-S25 suspected contamination for the Z Plant Aggregate Area. Section 4. 1. 1 describes analysis

26 results on a media-specific basis. Section 4. 1. 1.1 presents air quality sampling data. Surface

*27 soil data are described in Section 4. 1.1.2. Results of surface water sampling are presented in

-28 Section 4.1.1.3. Results of vegetation and other biota sample analyses Section 4.1.1.4.

29 Vadose Zone sampling data are discussed in Section 4.1.1.5. Although groundwater issues

30 are considered beyond the scope of this study, Section 4.1. 1.5 also discusses evidence for

arr 31 contamination migration within the vadose zone to the unconfined aquifer underlying the Z

32 Plant Aggregate Area. Additional assessment of the nature and extent of groundwater

33 contamination is presented in the 200 West Groundwater AAMS report. Evaluation of

34 known and suspected contaminants for each of the Z Plant Aggregate Area waste

35 management units is discussed in Section 4.1.2.
36

38

9

1
2

43

Artorwatae ot wi h docmes4

17 reaedstoedor ispse. %toug nort ed \s2atua d known dsuspe ed c etionsf

- 1 posib thssocniatdowthsSe o faclptes Tiaftgory inlde the 1 tnks Dhata Sstemd
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4-5

4.1.1 Affected Media

4.1.1.1 Air. This section discusses results of ambient air monitoring applicable to the Z
Plant Aggregate Area as reported in RHO/WHG WesPRtihsHa'ford annual
environmental surveillance monitoring reports (Elder et al. 1986 through 1989, Schmidt et
al. 1990 and 19912). Ambient air monitoring stations are located within the Z Plant
Aggregate Area or near its boundary include sites N165, N962, N964, and N994 (Plate 2).
As discussed in each of the RHO/WHG Wesi Hafdo m annual environmental
monitoring reports for 1985 through 1990, the sampling locations are part of a larger
network within the 200 Areas to assess the effect of operations on the local environment, and
to assess 200 Areas facilities performance. According to the annual reports, sample station
locations throughout the 200 Areas were sited based on prevailing wind directions and
potential sources of airborne contaminants. Within the Z Plant Aggregate Area, sample
stations N962 and N964 are located near the 218-W-4B Burial Ground to the west (general
up-wind direction) of the main Z-eat building complex (Plate 2). Station N165 is
east-southeast of the building complex (general down-wind direction), and station N994 is a
fenceline point along the north boundary of the Z-Plant ?P.

The air samplers at each of the monitoring stations contain filters which collect
particles entrained air. The air samples are collected by drawing samples through a 47-mm

(.ih), open-face filter at about 1 m (3 ft) above the ground ( It2 f]/in, 2... 4
ft#in-fefm} flowrate). Throughout the 200 Areas, air samplers are operated on a continuous
basis. Sample filters are exchanged weekly, held one week to allow for decay of short-lived
natural radioactivity, and sent for initial laboratory analyses of gross alpha and beta activity.
After the initial analysis, the filters are stored until the end of the calendar quarter, at which
time they are composited by sample location (or as deemed appropriate according to the
annual reports) and sent for laboratory analyses of specific radionuclides. Compositing of
the filters by sample location provides a larger sample size, and thus a more accurate
measurement of the concentration of airborne radionuclides resulting from operations in the
200 Areas.

Air monitoring results from the 1985 through 1989 annual environmental surveillance
reports are presented in Table 4-4. Entries in the table are average results over this period
for cesium-137, strontium-90, plutonium-239, and total uranium. The complete data set
from the annual monitoring reports since 1985 is provided in Table A-3 of Appendix A. The
resuilts ini Table A 3 afe listed as mfeaimumf, mninim urn, anid average quarterly values for the
radionucelides reported! strontiumff 90, cesiumf 137, plutontiumf 239, anid uraniumf. The data ini
Table A 3 includes the couinting ener associated with each valuie, and resuilts loss than the
eeunting enoer are shaded. The counting efgr reflects several factors, including the
efficiencey and configuration of the deteetor instrumfent, anid the precision of the chemica
analysis mfethod. The enorf also reflects the fact that some of the radioactivity detected is
result of the statistical dis6-bution of radionuelides. The remfaining valuies (uinshaded) in
Table A 3 represent positive detections. The positiv~e detections v~erify that radionuclides are
actually present and noet aifacts of the detection afld laboeratory analysis mfethods.
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1 Positive detections for each radionuclide analyzed are common from 1985 to 1989
2 (Elder et al. 1986, Schmidt et al. 1990). Each of the RHO/WHG es t ingford
3 annual monitoring reports conclude that the activities in the 200 Areas contributed to average
4 air radionuclide concentrations that were "slightly above" background. As discussed in the
5 annual reports, the background concentrations were derived from three background
6 monitoring stations located outside the 200 Areas (Yakima and Wye Barricades, and former
7 Hanford Townsite). The SWh Nid et aW. 19899(1 *epett concludes that radionuclide
8 concentration trends in air since 1979 have been "generally downward" for the 200 West
9 Area because of overall improvement in operational environmental controls and curtailed

10 operations.
11
12 One of the Z Plant Aggregate Area, N962 (southeast corner of 218-W-4B Burial
13 Ground), has shown the highest annual average strontium-90 concentrations of the 200 Areas
14 samples for several years-most recently 1989 (Schmidt et al. 1990). Strontium-90
15 concentrations up to 58 times greater than background for the Hanford Site have been
16 reported for N962 (1987 annual report, Elder et al. 1988). Annual average concentrations of
17 strontium-90 for the sample location have decreased since 1987. In addition, location N165
18 near the head of the 216-Z-19 Ditch southeast of the Z Plant building complex had the

- 19 highest plutonium-239 concentration reported for the 200 Areas air samples in 1986, 1987,
20 and 1988. Plutonium-239 concentrations in sample N165 were up to 100 times greater than
21 background levels for the 200 Areas sites (Elder et al. 1986). The elevated plutonium
22 concentrations are likely attributable to airborne particulate matter from historical plutonium
23 finishing/recovery operations at the Z Plant building complex to the west-northwest, in the.
24 general up-wind direction from N165. The 1985 through 1988 annual reports (Elder et al.
25 1986 through 1989) indicate that the only other gamma-emitting radionuclides found at levels
26 "significantly greater than background" were detected in samples from the 200 East Area. A
27 similar conclusion for these other radionuclides is not included in the 1988 and 1989 annual
28 reports (Elder et al. 1989, Schmidt et al. 1990).
29
30 Residue from particulate air contaminants derived from 200 Areas production
31 processing facilities, and possibly Unplanned Release locations and wind-eroded burial
32 ground soils would be expected in Z Plant surface soils due to wind-borne dispersion. As
33 discussed in Section 4.1.1.2, radiological soil contamination has been documented at surface
34 soil grid point sampling locations across the Z Plant Aggregate Area. Results of radiation
35 surveys also indicate the presence of surface contamination at many locations. Surface soil
36 contamination is also commonly associated with localized areas within the burial grounds and
37 at U:jnplanned Release locations. Wind-borne radionuclides likely contributed to the surface
38 contamination detected at these locations.
39
40 4.1.1.2 Surface Soil. Several types of data exist for characterizing surface soil
41 contamination or assessing areas of possible contamination. These data include results of
42 aerial and ground radiological surveys, external radiation measurements, and surface soil
43 sampling. These data are presented in the following subsections for the Z Plant Aggregate
44 Area as a whole. In addition, waste management unit-specific radiological and soil sampling
45 are presented in Section 4.1.2.
46
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(goss gamma) was performed over the 200 West Area in July and August 1928 (Rein and
Dahwstroedd 1988). The s urvey lines were flown with a 122 m (400 ft) spacing at an altitude
of 61 m (200 ft). The data were normalized to a height of I m (3.22 Af) above the grod
surface. Figure 4 1 presents the gross count data (counts per secnd) on an isrnadiaticn
eenteur mnap that covers the enitire 200 West Arca. Much of the Z PlanitAgratAe,
ps])culfr1y the sethern psefoni has gss conts abov e background Several of th
Z Plant budal greensd s eas have o ta. ifg 22,000 to 70,000 e unts per second
(e'spe) (Sites 9 through 12 en Figure 41). The results ae likely indicative Of (shallow)

buified radiactive waste sources at these locations, or above grounid storage suceh as at the
2702 'A RI.PA' Storage racility at Site 11.

Genieral areas of irnowni or suspected surface anid subsurface conitamination in the burial
gr round areas have bment stified by Iluckfcldt (199Hb) afd ae shown on Figure 2. it is
eearly impossible to convert the gross gamma results frn the airbenme suht ey te p
tmeaingful exposure rate because of the fomplex distnbutie of rgadionulides on the site
(Faiima avd Dahistron 19s3).
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I anOmaisIlpear to e4read 6ver a lrge aaith lowet Iaties than actually exist
2 Integon Ria NVahrm18)
3
4 4.1.1.2.2 Surface Radiological Survey Data. Radiological surveys documenting
5 radiation levels dose rates are completed on a regular basis for specific waste management
6 unit areas within the Z Plant Aggregate Area using portable instrumentation. The surveys
7 are performed as part of the Radiation Area Remedial Action program. The-primay
8 r Tquirements of ths Radiation Area RRedial Action program ur to conduct the sur.'illanoo,
9 montnancc, deorntamination, and/e intri stabilization ef inaectiv butial greunds, ribs,

10 ponds, tronches, and Unipiafnd Release sites at the Hlanford Site. The ao oor
11 asscghted with thoes requirements is the management and contrel f surfaeco sail
12 contamination. At confirmod surfae soil entamnination sites, intoimf stabilization is
13 rutinly ionduetd to pra id a monasure of oentril that will itigate migration s t
14 radicactivo containation from bbyond the posted control boundaries.
15
16 The surveillance of ground surface sites for the Radiation Area Remedial Action

-17 program is performed in accordance with surveillance frequencies established in Winship and
18 Hughes (1991) to identify those waste management units that require decontamination and/or

- 19 stabilization: surveillance is also conducted to verify that radioactive contamination is not
-20 migrating beyond the posted control boundaries for those sites ranked under Winship and

21 Hughes (1991). This assessment determines if any changes in the radiological status,
22 resulting from an inadequacy of containment of radioactive materials, has occurred in each
23 area. Each radiological survey is intended to determine whether the contamination is
24 essentially confined to the soil surface or if the contaminant source is present at depth.
25 Further, the surveys provide data for confirming that radioactive-contaminated ground sites
26 are posted in accordance with the requirements in WHC (1989). General areas of known Or
27 subpe sfaceandsu rface raYii i th Z Plat Aggregate Area Sunal Grounds
28 aedtiebuckfeldt A(199b), andarhawn on Pigure'4-2.
29
30 Survey results were compiled from the WIDS ghb ;.d (WHC 199 Ia)
31 and from a compilation of Z Plant radiological survey data. Results of the radiological
32 surveys are presented in Table 4-5, and are broken down by contamination levels and dose
33 rate measurements. Survey results for specific waste management units are discussed in
34 Section 4.1.2.
35
36 The radiological surveys are either performed by walking the site or utilizing vehicles
37 equipped with 3-gamma detectors (scintillation-Na! (sodium iodide) detectors). Surveys
38 performed on foot report maximum general area dose rates (P-Il Probe with Geiger-Mueller
39 detector or equivalent) and "direct frisk" readings within several cm of the soil surface. Few
40 "smears" are taken in environmental sampling. Vehicle surveys 4. im/s (<10 mph) use

41 detectors positioned approximately 0.5 m .(t.$ft above the ground. The presence of alpha
42 contamination, when measured, is detected with a portable alpha meter. D'pending upon the
43 s and6 su ytcbntis , sdi t/miin, d ismn nrr/lr.

44 Tpia naurib~ackgrod levels fo hs esrmm ar 'prxmtl:50 dtm,

45 contamin is mea in ctmin and c re d di m/yrcBeta-gamma
46 contamination is measured in ct/min and converted to dis/min (10 percent counting

4-8
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efficiency). High levels of j contamination are sometimes associated with a dose reading
(mrad/hr). Alpha contamination is reported as dis/min (7 to 8 percent counting efficiency).

Ingneaaddtinal onversions otnne type fYradiakin reading~ lo'anoher:±s not possible
be as 'ftedtcineqimn sd 4n lack of daargadnhe quantities or specne

madiouclides cnribuin to the readrng.

4.1.1.2.3 External Radiation Dose Rate Measurements. External (ambient) radiation
monitoring via thermoluminescence dosimetry (TLD) are conducted during the RHO/WHG

annual surveillance monitoring (Elder et al. 1986 through 1989,
Schmidt et al. 1990 and 199442). The TLD surveys are completed quarterly at soil grid
sampling locations (see Section 4.1.1.2.4 for description of grid locations) to measure dose
rates from penetrating radiation. The TLDs measure exposure rates resulting from all types
of external radiation, including cosmic radiation, naturally occurring radioactivity in soil and
air, fallout from nuclear weapons testing, and contributions from Hanford Site activities.
Within the 200 Areas, the TLDs are intended to monitor potential exposure rates near
possible radiation sources near active and inactive waste management units, and along
fenceline boundaries. The TLD survey data is used to determine baseline exposure potential
for the 200 Areas, and measure dose-equivalent rates reported in millirems per year
(mrem/yr). Th& resonse pf he LDhpsisxcahlirtdin the PNL Radiatib' Laboratry.

fvased in apau apsul lined with 0.0-25 m of tAgtalug e and 0.005 ce4 of lad. Each
capsule is placed in a transluecnt, watcrm f, plastic vial and is m unted about 1 ms (3 2)
abo th ground. Thc TLD caps2-2s [c cxciangd cach 2Zndar yC. Each 9uartcnly

cfasurcmctnt is an avcragc of the CxpCsui.. .eeeJ d by thhrcc chips in thc sarne conftainoer.
Th responsm of the chips is calib9ated in the Pe Radiation LabWratory.

TLD results from the RHO/44n 4s arteryminimrmid annual monitoring reports for
five soil grid points within the Z Plant Aggregate Area are presented in Table 4-6 of this
report. Results are also reported for sample locations 218-W-2A (immediately east of 218-
W-2A Burial Ground), and 216-Z-20 [location identified at 216-Z-18 Crib in 1990 annual
report (Schmidt et al. 199-) (Plate 2)]. Where listed in the RHO/WH-G Westngho
Hlan..fii reports, Table 446 includes quarterly minimum and maximum values, and the
normalized annual equivalent total for each sample location. The table results are reported in
terms of an air dose.

For each TLD grid sample locations (except sample 2W2), average annual results
ranged from 78 to 85 mrem/yr for each of the years 1985 through 1989 (Elder et al. 1986
through 1989, Schmidt et al. 1990). Each of the annual monitoring reports compared these
results against regional background levels obtained annually by PNL during Hanford Site-
wide monitoring. The background levels are derived by PNL from TLD survey results
obtained at sample locations distant from the Hanford Site (Walla Walla, McNary,
Sunnyside, Moses Lake, Washtucna, and Yakima). Annual regional background levels
ranged between 52 to 93 mrem/yr between 1985 and 1989. For each of these years the
RHO/WHC annual monitoring reports concluded that the 200 Areas TLD results (including
Z Plant Aggregate Area locations listed) were "within or slightly above" the PNL
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1 background values. Grid sample 2W2 had an averaged annual value of 132 mrem/yr,
2 between 1985 and 1988 (analysis not completed in 1989 and 1990) above the background
3 levels cited. The elevated TLD results from these sites could be indicative of sources of
4 radiological contamination in surface soil or shallow-subsurface materials near these
5 locations. The presence of other external radiation sources in the vicinity, such as waste
6 burial containers could also potentially contribute to the elevated TLD reading for grid
7 sample 2W2. In 1990 TLD sample analysis results were reported for location in the 218-W-
8 2A burial ground and near the head of the 216-Z-20 Crib (Schmidt et al. 1994,). Annual
9 totals of 108 and 102 mrem/yr were detected at these locations, respectively. these values

10 were below the maximum readings detected at PNL McNary site (108 mrem/yr) and at the
11 Hanford Site Yakima barricade (112 mrem/yr) in 1989.
12
13 4.1.1.2.4 Surface Soil Sampling. Radionuclide data from surface soil samples was
14 reviewed from the RHO/WHQG if Wh i | annual environmental surveillance
15 monitoring reports for 1985 through 1989 (Elder et al. 1986 through 1989, Schmidt et al.
16 1990). During the annual monitoring, surface soil samples are collected from points on a
17 rectangular grid in the 200 Areas. The grid points are generally located close to the
18 intersection of Hanford Site coordinate lines, with four of the grid points (2W2, 2W3, 2W7,
19 2W17) located within the Z Plant Aggregate Area (Plate 2). Grid sample locations 2W2 and
20 2W3 are located in the 218-W-3AE and 218-W-6 Burial Grounds, respectively, in the
21 northern part of the Z Plant Aggregate Area. Sample 2W7 is located along the eastern
22 boundary of the 218-W-2A Burial Ground. Grid points 2W17 and 2W22 are located in the
23 218-W-4C Burial Ground in the southwest part of the site. A fenceline soil sample (2WN)
24 was been established along the northern fenceline of the 218-W-3AE Burial Ground.
25
26 Sample 2W7 and fenceline sample location 2WN have analytical results for each of the
27 years 1985 through 1989. Other Z Plant Aggregate Area samples were not analyzed for
28 some of the years within this period. Discussion of rationale for which sample sites are
29 selected for analysis each year, and which radiological parameters are analyzed is not
30 provided in the annual reports. Each grid point sampling site is 10 fn by 10 m (2$:VAI'3ft)
31 in area, and each fence line sampling point is 1 m by 5 m (.by4tt).? Soil samples from
32 each sampling site represent soil composited from five individual plugs 2.5 cm ( dh) in
33 depth by 10 cm 4inch) in diameter collected over the sampling site. No additional
34 provided i the annual
35 ps
36
37 The annual reports indicate that the soil sampling grid was established to evaluate
38 general, long-term accumulation trends for a variety of radionuclides in site soils. Fenceline
39 sample points are intended to monitor areas upwind and downwind of specific sources of
40 potential contamination, however the 2WN fenceline location is relatively distant from
41 production and processing facilities. Soil (and biota) grid point and fenceline sampling was
42 discontinued in 1990, and sampling now focuses on buildings and facilities other than waste
43 management units. In 1990, soil samples were collected around the main Z Plant Aggregate
44 Area building complex.
45
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Soil monitoring results from the 1985 through 1989 annual environmental surveillance
reports are presented in Table 4-7. Entries in the table are average results over this period
for radionuclides analyzed. The complete data set from the annual monitoring reports since
1985 is provided in Table A-4 of Appendix A. Results for six of the radionuclides in Table
A-4 show positive detections greater than the counting error for the Z Plant soil samples in
Table A-4. These radionuclides include cesium-137, lead-214, plutonium-238, plutonium-
239, strontium-90, and uranium. In general, the highest average Z Plant radionuclide
concentrations for cesium-137, plutonium-238, plutonium-239, and strontium-90 in soil were
detected at the 2W2 sample location in the 218-W-3AE Burial Ground. Average lead-214
and uranium concentrations were highest at sample locations 2W22 (218-W-4C Burial
Ground) and 2W3 (218-W-6 Burial Ground). The eeneentratiens prese of these
perameters rAadiuli'des i soij likely refleet-wind- s from" dispersion patterns of
airborne radionuclides from 200 Areas production and processing facilities. Airborne
radionuclides transported from UP.nplanned Rielease locations and wind-eroded burial ground
areas may also contribute to the elevated radionuclide levels in the surface soil samples.

In the 1989 environmental surveillance report, Schmidt et al. (1990) reported that trend
analysis of radionuclide concentrations revealed no overall increase since 1978 for the 200
Areas grid point soil samples. Each of the annual reports also concluded that concentrations
of radionuclides other than cesium-137, strontium-90, and plutonium-239 in the grid point
samples were determined to be "insignificant compared with background or with the latter
radionuclides." Background concentrations cited in the annual reports were derived by
RHO/WHG We ghuse-Ha rd from off-site soil monitoring data obtained annually by
PNL (Jaquish and Bryce 1989) as part of Hanford Site-wide environmental monitoring
activities.

Some degree of surface soil contamination is suspected in several areas around the
periphery of the Z Plant building complex, as indicated by elevated plutonium concentrations
in soil samples collected in 1990 (see Section 4.1.2.1.-2 for discussion).

4.1.1.3 Surface Water. No natural surface water bodies exist within the Z Plant Aggregate
Area. During the 1988, 1989, and 1990 annual monitoring, however, water quality data
were collected for the 216-Z-21 Seepage Basin. No detectable concentrations of
radionuclides, nitrates, and other constituents were identified (Elder et al., 1989, Schmidt et
al. 1990 and 199t). However, several ienie-lides rad16icides were detected in vegetation
and sediment samples collected in the S9eepage B.5asin which are discussed belewiS

4.1.1.4 Biota. Radionuclide analyses were completed for vegetation samples collected from
200-Area grid points inth 200'West<Aa during annual monitoring for 1985 through 1989.
Average concentrations of radionuclides over this period are presented in Table 4-8.
Analytical data from the annual reports for each of these years is provided in Table A-5 of
Appendix A. The rationale for selection of sample sites and radiological parameters
analyzed each year is not provided in the annual reports.
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1 Since 1985, each of the Z Plant Aggregate Area grid sites sampled had cesium-137
2 concentrations exceeding background levels as reported in the annual monitoring reports. A
3 reotdi h 99evrnmna uvilnerpr (Schmidt et at 199O) howevr there

~~~~~ .. ....... ~t, '
4 werzn statisticetytin.fonantdiferecesfor cesim 7 intratins ion

5 sm rmh2 A9 Also a sample da ati 2W17
6 contained plutonium-238 concentrations above the reported background level in 1985 (Elder
7 et al. 1986), and 4 sample cfc&d at1&&ti 2W22 had strontium-90 concentrations above
8 the background level in 1988(Elderetal. 1989). Elevated cesium-137 concentrations
9 detected during 1986 were attributed to the affect of the Chernobyl nuclear accident (Jaquish

10 and Bryce 1989). Background concentrations cited in the annual monitoring reports were
11 derived from off-site regional background data in annual PNL Hanford Site monitoring
12 surveys. Other radionuclides were detected at concentrations above the counting error for
13 several of the samples (notably 4 2W7 and 2W17 in 1989, Schmidt et al. 1990), but
14 background comparative data were not available from the annual reports. Concentrations of
15 these radionuclides (plutonium-238, and strontium-90) in grid point vegetation samples may
16 be attributable to several sources. Although a radionuclides in site soils may be derived from
17 windborne dispersion of material released to air from site production/processing facilities,
18 radioactive fallout from nuclear weapons testing and the Chernobyl accident is also expected
19 to contribute.
20
21 During the 1989 annual onvironmoental survoillanec molnitoring (Schmfidt ot al. 1990)
22 en aquatic vegetation sample was collected from the 216-Z-21 Seepage Basin (4ee-ietly
23 207 Z Basin) (Tabl 1 9). The samplo contained plutonium-239 concentrations (Table 4-9)
24 above background levels reported in Schmidt et al. (1990) for 1989 (§chidt et a. .99).

S25 The soepage basin is an afea whoro tumnblo woods blow int fom othor Hafored aroas and mnay
~,26 be transportod fromf areas with potontial radioactivity. Tho tumffble woods pro poriodically

27 eloarod cut for disposal. Sediment from the seepage basin was also found to contain olo&ato
28 eencontrations ef scvoral radionuclides (Schmidt ot A. 1990 and 1991) during the 1989 an
29 1990 annual monitoring programs (Tablo 1 9).
30
31 A 1990 surface sample from the 216-Z-9 Grih Tgn vegetation contained detectable
32 total uranium (Table 4-9). Comparative background concentrations for total uranium in
33 vegetation were not reported for 1990.
34
35 4.1.1.4.1 Other fistic Samples. Additional biotic samples within the Z Plant
36 Aggregate Area have been collected for radiological evaluation during annual surveillance
37 monitoring for some years. Samples have included rabbit feces at soil grid point 2W22 in
38 the 218-W-4C Burial Ground (Elder et al. 1986), rabbit feces at the 231-Z fenceline (Elder et
39 al. 1988), and mouse feces west of Z Plant (Schmidt et al. 19942), with radiologic biotic
40 contamination reported in each instance. Radionuclide contaminants include cesium-137,
41 europium-152, strontium-90, and plutonium.
42
43 The source of the contaminated material identified in the rabbit feces at 2W22 is
44 indeterminent, because of the mobility of the animal. The contaminated rabbit and mouse
45 feces may be associated with sources within or near the main Z-Plan pEP complex, but are
46 not specifically identified in the annual environmental reports.

4-12
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1 4.1.1.5 Vadose Zone Contamination. This section presents sampling and analytical data
2 applicable to vadose zone soils across the Z Plant Aggregate Area as a whole. Information
3 specifically related to individual waste management units, or which applies to a group of
4 units is subsequently discussed under the appropriate subheadings in the Site-Specific Data
5 (Section 4.1.2). The Vadose Zone Contamination section includes three subsections that
6 describe sampling and analysis results from the Expedited Response Action (ERA) Proposal
7 for the 200 West Area Carbon Tetrachloride Plume (DOE/RL 1991b). The report describes
8 the extent and concentrations of carbon tetrachloride in vadose zone soils resulting from
9 disposal of an estimated 363,000 to 580,000 litefff (, fl'W.t3000 gal) of organic and

10 aqueous waste processing liquids from Z-Plet PFP facilities between 1955 and 1973.
11
12 The discussion in Subsection 4.1.1.5.1 summarizes information from ERA Proposal as
13 it pertains to the "far field" distribution of carbon tetrachloride across the Z Plant Aggregate
14 Area. Subsection 4.1.1.5.2 summarizes the approach for screening and interpreting
15 geophysical gamma-ray logs used to evaluate subsurface radionuclide contamination. The
16 results of the log interpretations are in turn discussed in Section 4.1.2 for individual waste
17 management units. 1ubsec1bh 4. . 153 s hemica yisresults from sbil'saples
18 bAggregat Ae mnitrng we4s Subsection 4.1.1.5.4 describes
19 the potential for historical migration of wastewater from waste disposal sites to the
20 unconfined aquifer.
21
22 4.1.1.5.1 Carbon Tetrachloride Distribution. The Carbon Tetrachloride ERA
23 Proposal (DOE/RL 1991b) presents information regarding carbon tetrachloride and other
24 organic and inorganic chemicals, and radionuclides discharged to Z-Plant P P cribs. Carbon

F 25 tetrachloride waste liquids were discharged primarily to the 216-Z-lA Tile Field, 216-Z-9
26 Trench, and 216-Z-18 Crib. The data from the ERA Proposal include results of soil and soil

227 vapor analyses from samples collected as part of the carbon tetrachloride evaluation.
28
29 As part of the ERA Proposal, a discussion is provided for "far field" soil vapor
30 detections of carbon tetrachloride and other volatile organic compounds in boreholes more
31 distant from the 216-Z-lA Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib areas (Figure 4-
32 3). The compounds were detected using field screening instruments in wells throughout the
33 Z Plant Aggregate Area and 200 West Area drilled since 1987. Field screening was
34 completed via use of photoionization detectors for wells 299-W7-7, 299-W7-8, 299-W7-9,
35 299-W7-10, 299-W15-19, 299-W15-20, 299-W15-21, 299-W15-23, 299-W15-24, and 299-
36 W15-26 located in the Z Plant Aggregate Area northern and southeastern burial ground
37 areas, as seen on geologist's borehole logs in Goodwin and Bjornstad (1990). Follow-up
38 verification of the presence of carbon tetrachloride or other organic compounds in the vapor
39 samples may not have been completed since results are not reported in the sources cited.
40 The wells are differentiated on Figure 4-3 with respect to whether the organic compounds
41 were detected above or below the Plio-Pleistocene calcic paleosol layer. The Plio-
42 Pleistocene layer is described in Section 3.1.2. Most of the reported field screening
43 detections were below the calcic paleosol layer, although wells west of the 216-Z- 18 Crib
44 had detections both above and below the calcic paleosol layer.
45

4-13
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1 The Carbon Tetrachloride ERA Proposal concludes that the vapors below the caliche
2 layer are generally found in an area roughly coincident with the area underlain by carbon
3 tetrachloride-affected groundwater, suggesting that these vapors may have volatilized from
4 the groundwater plume. The affected groundwater extends over much of the Z Plant
5 Aggregate Area. No reports of liquid phase carbon tetrachloride encountered in the
6 subsurface are known. The ERA Proposal states that the carbon tetrachloride groundwater
7 data are consistent with a "point source" from the 216-Z-9 Trench. The report concludes
8 that this source is possibly the result of relatively large volumes of liquid discharged to the
9 crib, or liquid phase carbon tetrachloride moving downward along preferential pathways

10 (e.g., older well casings with no annular seal).
11
12 4.1.1.5.2 Geophysical Logging. The extent of radionuclide contamination in vadose
13 zone soils in the Z Plant Aggregate Area has been evaluated using borehole geophysical
14 techniques. Geophysical well logging has been conducted in the Z Plant Aggregate Area
15 since the late 1950s. Gross gamma-ray logs have been used since that time to evaluate

;f0 16 radionuclide migration in the vadose zone beneath selected waste management units.
17 However, very little gross gamma data have been published. As part of the current report
18 gamma logs were reviewed from Fecht et al. (1977) and Chamnefds et al. (1991).

- 19
20 Table 4-10 summarizes results of the gross gamma logging by waste management unit.
21 Interpretation of the logs generally consisted of identifying zones with anomalously high
22 gamma-ray counts that could be indicative of radionuclide contamination. The depths,
23 thicknesses, and intensities of these zones were then compared with other historical logs from
24 the same bore holes. Interpretations are complicated by the fact that logging equipment and
25 procedures evolved with time. Attempts made to normalize data collected at different times
26 have met with limited success (e.g., Fecht et al. 1977), and quantitative interpretations were
27 not possible. r report, z7nes vate4gamma-rayconsw

-28 ridfniedby viuaI comparisotaseline values on the sare gross gamma Jog. ~The gross
29 gammiog:were also compar~ed to geologoc ogs or cross sectionts'for this 1ocation to

30 fddAfify the1gcatn of the early<"Palouse"si and Pbio-Pkestocene unit wchr generl
n31 natbraly bigher ingosgmm ons A sta.&d'adiz&&, omhpaatWvebaseline value for

32 omarIin rama lo eut is not avilablae &ease o bthe ev6Tldhono Ibgging eqiment
33 aimeodogy overme.The log interpretations are discussed in detail inAppendix A. 1,
34 and results of log interpretations for individual waste management units are also summarized
35 in Section 4.1.2.
36
37 4.1.1.5.3 Monitoring Well Soil Sampling Results. Soil samples were collected
38 during installation of nine monitoring wells in the Z Plant Aggregate Area Solid Waste Burial
39 Grounds between 1987 and 1991 (Goodwin and Bjornstad 1990; and Barton et al. 1990).
40 The soil samples were analyzed for one or more of the following parameters:
41
42 * Organic compounds
43
44 Inorganic anions
45
46 0 Gross alpha and beta

4-14



DOE/RL-91-58
Draft B

* Total organic carbon (TOC).

Soil samples were collected from four well locations near the northern boundary of the
Z Plant Aggregate Area (Figure 4-43):

* 218-W-3AE Burial Ground wells 299-W7-7, 299-W7-8, and 299-W7-10

* 218-W-5 Burial Ground well 299-W7-9.

Soil samples were also collected from five well locations on the southwestern boundary
of the Aggregate Area:

* 299-W-4B Burial Ground wells 299-W15-19, 299-W15-20, and 299-W15-23

* 218-W-4C Burial Ground wells 299-W15-21 and 299-W18-26.

Soil samples from the wells were collected at depths ranging from 1.5 m (5 ft) to 73 m
(240 ft) below ground surface. The results of these analyses are presented in Tables A-7 and
A-8 in Appendix A. Only chemicals detected in one or more samples are included in these
tables. The following discussion summarizes the general distribution of detected chemicals in
the burial ground areas.

4.1.1.5.3.1 Organic and Inorganic Parameters. Levels of most inorganic anions
were low or nondetectable in the eight samples in which they were measured.
Concentrations of nitrate and sulfate ranged from below detection to 38.5 and 130 mg/kg,
respectively. Concentrations of nitrate and sulfate did not shown an obvious distribution
pattern with depth and did not appear to be greatly elevated in any particular well.

Organic chemicals were analyzed for in selected samples from each well. Many of the
samples were analyzed only for chloroform, carbon tetrachloride, methylene chloride,
trichloroethylene, tetrachloroethylene, 1,1,1-trichloroethane, benzene, toluene, and xylenes.
One sample (the 38 m [125 ft] sample from well 299-W-15-21) was analyzed for an
extensive list of volatile organics; however, most of these were not detected and therefore
have not been listed in Table A-8.

Concentrations of volatile organics in samples from the northern Z Plant Aggregate
Area burial grounds were generally less than 10 pg/kg or below detection limits. The
highest levels of these compounds were observed in the 68 m (220 ft) sample of Well 299-
W7-9 and in the 64 m (210 ft) sample of Well 299-W7-8, which were taken approximately at
the water table. Concentrations in shallower samples from these wells were below detection
limits; thus, these results appear to indicate interception of a plume related to the underlying
groundwater rather than a vadose zone source in the burial ground areas.

Halogenated organics were detected in many of the samples obtained from wells in the
western Z Plant Aggregate Area burial grounds. Concentrations were generally much higher
than in the wells north of the site, with several compounds exceeding 100 ptg/kg. Ghemieals
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1 deteeted-attThe highest concentrations ft were included methylene
2 chloride, chloroform, benzene, 1,1-dichloroethylene, and trans-1,2-dichloroethylene E
3 wells 299-W15-23 and 299-WT8-26). Carbon tetrachloride was also detected in eight of the
4 burial ground wells (Table 4-12), at concentrations up to 12 pg/kg (well 299-W7-9).
5 Chemicals were detected from 6.1 m (20 ft) below the surface to 93 m (240 ft), the greatest
6 depth sampled. This range of depths corresponds to detections both above and below the
7 Plio-Pleistocene calcic paleosol layer. The depth zone of greatest contamination ranged from
8 55 to 73 m (180 to 240 ft) below ground surface. Concentrations were generally highest at
9 55 m (180 ft) and decreased with depth; however, this pattern did not hold for individual

10 chemicals in some wells. Due to the low concentrations of these organics in soils above 55
11 m (180 ft), it appears that these detections do not indicate a source in the immediate area of
12 the well, but rather may indicate interception of an underlying plume of contamination or
13 migration of vapor along the caliche layer.
14
15 4.1.1.5.3.2 Radionuclide Parameters. Results of radiological analyses of beta and
16 le-alpha activity are presented in Tables A-7 and A-8 in Appendix A. Results (*GiPG-±)
17 were reported for all 0 samples submitted from each well (Goodwin and Bjornstad 1990
18 and Barton el al. 1990).
19
20 Each sample result is reported in pCi/g. The standard deviation (a) associated with
21 each count is also included. Beta radiation ranged from 12.2 pCi/g (well 299-W7-7) to 29.1

o" 22 pCi/g (well 299-W7-8), and generally showed little variation with sample depth or well
23 location. SAit samples from Two wells, 299-W7-7 and 299-W7-8 had le-alpha results of
24 0.171 and -1.52 pCi/g, respectively; otherwise le-alpha radiation in the burial ground wells
25 si2 amke ranged from 1.18 pCi/g (well 299-W15-23) to 15.4 pCi/g (well 299-W15-20).
26 In general, obvious localized sources of radiation are not indicated from the analysis results
27 of the burial ground well soil samples.
28
29 4.1.1.5.4 Potential for Migration to the Unconfined Aquifer. As discussed in
30 Subsection 4.1.1.5. 1, the Carbon Tetrachloride ERA Proposal (DOE/RL 1991 b) concluded
31 that liquid disposal volumes discharged to the 216-Z-9 Trench were probably sufficient to
32 have migrated to the water table. The ERA Proposal also concluded that it is uncertain
33 whether liquids containing carbon tetrachloride reached the water table at the 216-Z- 1 A Tile
34 Field or 216-Z-18 Crib. These conclusions are based on a comparison of the waste volumes
35 discharged at each crib, with the specific retention volumes of the cribs, and with the
36 estimated pore volume in the vadose zone soil column below the crib.
37
38 Soil column pro ;lumc calculations analogous to those in the Carbon Totralorido
39 ERA Proposal wore comfplotod for this report to assess the likolihood that contamainatod liquid
40 wastes froml the Z Planit Aggrogato Arca cribs and 216 Z !A Tile Field mnigrated to the
41 unconifined aquifer (Table 4111). The ;olume of liquid requirod for a woetting front to roaceh
42 the wator table was ostimnatod roughly froma the waste management unit dimoensions, soil
43 poroesity, md soil moeisturo contonit. Calcuilatod soil pro Yolumons for caceh of the waste-
44 memagemont units that roocivod lafgo voelumois of liquids and the total volurno of liquid waste
45 disposci of to thoso un.its afc prosontod in Table 4 11. Waste mnanagomoint units that
46 rcooivcd a volumoe of liquid waste substantially, loss than the pcro volumoi arc uinlikoly to haveo
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I had the liquid reach the water table. For the 216 Z 1A Tile Field, where infiltration took
- 2 place pfimaf1y beneath the distdibution piping, the effec

3 than the area of the waste mnafagement unit, and the use
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6 precipitation &fe not considered. A discussion of naturn
7 HIIford Site lysimeter studies is presented in Section 3.
8
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dnyving force fqr c9tmnntgato.
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1 4.1.2 Site-Specific Data
2
3 This section presents 'W 7ffi sampling and analysis data, and waste inventory
4 information regarding possible releases for individual Z Plant Aggregate Area waste
5 management units. The information presented was obtained from reference documents
6 reviewed for the current report. For many of the waste management units the information is
7 limited, and the lack of more comprehensive information may constitute significant "data
8 gaps." Issues related to data gaps are discussed in more detail in Section 8.0 of this report.
9

10 The waste management units discussed in this section are presented in the same general
11 groupings as described in Section 2.0. These groupings are useful because structurally
12 similar units tend to have similar types of available data. Since each of the Unplannod
13 Releases int the Z Plant Aggrogate Arca is associated with a specifie waste manfagoment unit,
14 Unplanned Release data arc incluided in the waste mfanagomnt unit discussions as applicablo.
15 Locations of the waste management units and Udnplanned Rjeleases are identified on Figures
16 2-2 through 2-4 and 2-7 through 2-13 in Section 2.0.
17
18 4.1.2.1 Plants, Buildings, and Storage Areas. Plant, building, and storage area waste
19 management units at the Z Plant Aggregate Area include the 232-Z Incinerator,, the 234Z
20 Hazatrdouis Waste Staging Arca (IWSA), tho RMAW Storage Faceility, anfd the (PropoSed)
21 Waste Recciving and Procossing Plant (V/RAP). Also, the main -Z-Plan F building
22 complex (consisting of the 234-5Z, 236-Z, 242-Z, 291-Z, 2736-Z, and 276-ZB Buildings) is
23 included because of several J .inplanned Rieleases in the vicinity, and 1990 soil sampling
24 data from this area.
25
26 4.1.2.1.1 232-Z Incinerator. The 232-Z Incinerator was used to incinerate plutonium-
27 contaminated wastes, and fallout from stack releases may have contributed to elevated
28 plutonium concentrations in Z Plant Aggregate Area surficial soils. Low levels of alpha
29 radiation have been reported in surface radiological surveys, but the area is listed as
30 stabilized.
31
324

38
39 4.1.2.1.2 Main Z Plant Building Complex. Several dinplanned Rieleases
40 (Ul$PR-200-W-23, UN-200-W-89, UN-200-W-90, UN-200-W-91, and UNP.R-200-W-103;
41 Table 2-5) are associated with the Main Z Plant Building Complex. In 1990, 22 soil samples
42 were collected at locations adjacent to the main Z Plant building complex for cesium-137 and
43 plutonium analysis (Plate 2). The soil samples were collected as part of annual monitoring
44 activities at the Hanford Site (Schmidt et al. 199-fl). Detectable cesium-137 concentrations
45 were noted in 10 of the samples along the buildingbd complex perimeter fence and adjacent to
46 the plant buildings (Table A-6). Plutonium was detected in 15 of the samples, primarily at
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1 locations north of the 234-5Z Building. Additional information regarding soil sampling
2 rationale, methods, and comparisons to regional background levels was not provided in the
3 1990 WH-G W4 monitoring report (Schmidt et al. 1994).
4
5 4.1.2.2 Tanks and Vaults. Z Plant Aggregate Area tanks include the 216-Z-8 Settling
6 Tank, the 241-Z-361 Settling Tank, and the 241-Z-Treatment Tank. No vault structures
7 were identified in the Z Plant Aggregate Area. No specific sampling and analysis
8 information regarding soil and other potentially affected media associated with the 216-Z-8
9 Settling Tank, the 241-Z-361 Settling Tank, and the 241-Z- Treatment Tank were found in

10 the documents reviewed.
11
12 4.1.2.2.1 216-Z-8 and 241-Z-361 Settling Tanks. The 216-Z-8 Settling Tank received
13 liquid waste from the RECUPLEX facility from 1955 to 1962. The process waste stream
14 overflowed from the 216-Z-8 Settling Tank into the 216-Z-8 French Drain, where the waste
15 was disposed of to the soil column. The 241-Z-361 Settling Tank received plutonium and
16 other wastes routed to crib disposal sites and the 216-Z-1A Tile Field. No documented

C 17 releases from either tank were identified in the references reviewed. No monitoring wells
18 were identified near the tanks. Therefore, no geophysical logging data were located for these
19 facilities.

-20
'21 4.1.2.2.2 241-Z Treatment Tank. The 241-Z Treatment Tank is a RCRA TSD
22 facility located inside the 241-Z Building. The D 6 tank, adjacont to the 241 Z Troatmont
23 Tank failed and was taken out of sericz. Three U4inplanned -Rfeleases, WPRJN-200-W-74,
24 UN-200-W-795, and UPRg-200-W-7-59 (described in Table 2-6) are associated with this
25 area. These UJOnplanned Peleases are known to have released radionuclides to the
26 environment. However, no specific sampling data were identified.
27
28 4.1.2.3 Cribs and Drains. Z Plant Aggregate Area waste management units in this
29 category include the 216-Z-1, 216-Z-2, 216-Z-3, 216-Z-5, 216-Z-6, 216-Z-7, 216-Z-12, 216-
30 Z-16, and 216-Z-18 Cribs; the 216-Z-8, 216-Z-13, 216-Z-14, and 216-Z-15 French Drains;
31 and the 216-Z-1A Tile Field.
32
33 Information available for Z Plant Aggregate Area Cribs, the 216-Z-8 French Drain,
34 and the 216-Z-1A Tile Field includes radionuclide sampling and analyses for waste materials
35 contained in the crib structures and subsurface soils, soil and soil vapor analyses for vadose
36 zone soils, and surface radiological surveys. Due to their historical use for disposal of
37 carbon tetrachloride, the potential for emission of volatile organic compounds to air exists for
38 some of the faeilities W ,j t , notably the 216-Z-lA Tile Field and the 216-
39 Z-18 Crib. Waste inventory information also indicates the presence of known or suspected
40 vadose zone contamination at virtually all of the crib and tile field locations. The potential
41 for migration of waste liquids from the crib structures to the underlying unconfined aquifer is
42 discussed in Section 4.1.1.5.3.
43
44 4.1.2.3.1 216-Z-1, 216-Z-2, and 216-Z-3 Cribs. The 216-Z-1, 216-Z-2, and 216-Z-3
45 Cribs are located within the overall structure of the 216-Z-lA Tile Field, near its north end.
46 Several monitoring wells are located around the 216-Z-1 and 216-Z-2 Cribs. A review of
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1 available gamma scintillation logs revealed elevated gamma response, potentially indicating
2 the presence of radionuclides, between depths of 7 and 21 m ( ,$tQ 69 ft) beneath beth tbe
3 cribs (Table 4-10). Two monitoring wells (299-W18-67 and 299-W18-68) located inside the
4 216-Z-3 Crib have not been logged using gamma scintillation equipment. Only natural
5 gamma response has been observed in monitoring well 299-W18-88 which is located
6 southeast of the 216-Z-3 Crib (Table 4-10).
7
8 Elevated alpha radiation (15,000 dis/min) and smearable alpha radiation (1,500 dis/min)
9 were detected in a 1989 surface radiation survey at the 216-Z-1 and 216-Z-2 Cribs.

10
11 Based on this information, near-surface and deeper vadose zone soil radionuclide
12 contamination is suspected for the 216-Z-1, 216-Z-2, and 216-Z-3 Cribs.
13
14 4.1.2.3.2 216-Z-5, 216-Z-6, and 216-Z-7 Cribs. The 216-Z-5, 216-Z-6, and 216-Z-7
15 Cribs received radionuclide and chemical wastes (mainly inorganic) received from the 231-Z
16 Building. A high cave-in potential was reported for the 216-Z-5' afd 216-Z-6, and 16-Z-7
17 Cribs in-the-Wn s (WHC 1990a). No specific chemical sampling data was identified for

F 18 these cribs. A review of available gamma scintillation logs (summarized in Table 4-10)
19 revealed elevated gamma response, possibly indicative of radionuclide contamination,
20 between depths of 30 and 40 m (98 to3'ft. ) below ground surface (above the water table),
21 and from 50 to 63 m (..64 t207 ft) (below the water table) in well 299-W15-1 which is
22 located on the east side of the 216-Z-5 Crib. Elevated gamma response was also observed
23 between depths of 8 and 23 m (26and 75 ft) in well 299-W15-212 which is located
24 approximately 100 m (a2m t) north of the 216-Z-5 Crib. The source of this gamma activity
25 is unknown.
26
27 Elevated gamma response was also observed in several wells completed in and around
28 the 216-Z-7 Crib between depths of 7 and 46 m (23t5f) and below the water table
29 (between depths of 45 and 100 m N4 ando32 o wells monitor conditions in the 216-

'4 30 Z-6 Crib. Based on this information, near-surface and deeper vadose zone soil
31 contamination is suspected for the 216-Z-5 and 216-Z-7 Cribs.
32
33 No detectable surface radiation was measured at these cribs during 1991 radiological
34 surveys.
35
36 4.1.2.3.3 216-Z-12 Crib. The 216-Z-12 Crib received PFP liquid process waste and
37 analytical development laboratory waste from the 234-5Z Building (via the 241-Z-361
38 Settling Tank and the 241-Z Diversion Box No. 2). Crib wastes included high-salt liquids
39 containing plutonium which were adjusted to a pH of 8 to 10 prior to disposal. No specific
40 chemical sampling data was identified for this crib. A review of available gamma
41 scintillation logs (summarized in Table 4-10) revealed elevated gamma response, possibly
42 indicative of radionuclide contamination, between depths of 5 and 10 m ((1:Aind3stt) below
43 ground surface in several wells inside the crib. Radionuclide and inorganics contamination in
44 near-surface and possibly deeper vadose zone soils from these materials is therefore
45 suspected.
46
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No detectable surface radiation was measured at the 216-Z-12 Crib during a 1991
radiological survey.

4.1.2.3.4 216-Z-16 Crib. The 216-Z-16 Crib received neutral/basic wastes containing
plutonium from the 231-Z Building laboratory. Gamma scintillation logging indicated only
natural gamma response (Table 4-10) in two monitoring wells located on the south and north
margins of the crib (wells 299-Wi5-10 and 299-W15-11, respectively). While vadose zone
contamination is suspected at the site 0 due to historic liquid waste disposal practices, the
areal extent of contamination appears to be limited to the crib boundaries.

No detectable surface radiation was measured at the 216-Z-16 Crib during a 1991
radiological survey.

4.1.2.3.5 216-Z-18 Crib. Along with the 216-Z-9 Trench and the 216-Z-lA Tile
Field, the 216-Z-18 Crib received quantities of carbon tetrachloride and other organic
radioactive wastes from plutonium processing activities. As discussed in Subsection
4.1.1.5.1, the distribution of carbon tetrachloride in vadose zone soils (and groundwater) in
the vicinity of these disposal units, and area-wide ("far field") extent was the subject of the
ERA Proposal for the 200 West Area Carbon Tetrachloride Plume (DOE/RL 199 1b).

With specific reference to the 216-Z-18 Crib, the ERA Proposal reported carbon
tetrachloride detections in down-hole soil vapor samples from vadose zone boreholes and
groundwater monitoring wells within and adjacent to the crib structure. The locations of
these borehole/well explorations, and similar explorations for monitoring carbon tetrachloride
vapor concentrations near the 216-Z-lA Tile Field and 216-Z-9 Trench are shown on Figure
4-4. The figure refers generically to all the explorations as "wells." The maximum carbon
tetrachloride concentrations in the down-hole vapor samples from the 216-Z- 18 Crib wells
was 140 parts per million (ppm- volume) (ppmv) The ERA Proposal concluded that carbon
tetrachloride is present in the vicinity of these structures at depths ranging from 24 to 63 m
(79 t 2W0t7 below ground surface.

A review of available gamma scintillation logs (summarized in Table 4-10) revealed
elevated gamma response, possibly indicative of radionuclide contamination, between depths
of 6 and 18 m (20in.9 below ground surface in several wells inside and up to 10 m
(33 ft) south of the crib. Radionuclide and inorganics contamination in near-surface and
possibly deeper vadose zone soils from waste materials disposed to this unit is therefore
suspected.

No detectable surface radiation was measured at the 216-Z-18 Crib during a 1991
radiological survey.

4.1.2.3.6 216-Z-8 French Drain. Contamination from radionuclides and organic
compounds is suspected in vadose zone soils at the 216-Z-8 French Drain, due to overflow of
liquid wastes from the 216-Z-8 Settling Tank. A characterization study was previously
conducted to evaluate the distribution of radionuclides in soil beneath the 216-Z-8 French

46 Drain and to investigate a suspected leak in the 216-Z-8 Settling Tank. One well was drilled
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1 lm (3 ft) south of the drain, and radiological and geological analyses were performed. The
2 highest plutonium-239 concentration observed in &iltsamples e the well was
3 4.62 nCi/g and occurred at a depth of 7.6 m (25 ft). The study estimated that approximately
4 4 to 5 eubie :etefs mt(18 t) of sediments with concentrations greater than 10 mCi/g lay
5 beneath the 216-Z-8 French Drain. Four monitoring wells (299-W15-202, 299-W15-213,
6 299-W15-214, and 299-W15-215) were identified around the perimeter of the Ffrench Dldrain
7 but have not been logged using gamma scintillation equipment. This may be because the
8 grout seals installed in these (relatively new) wells inhibits gamma scintillation counting.
9

10 No detectable radiation was measured at the 216-Z-8 French Drain during a 1991
11 surface radiological survey.
12
13 4.1.2.3.7 216-Z-13, 216-Z-14, and 216-Z-15 French Drains. The 216-Z-13,
14 216-Z-14, and 216-Z-15 French Drains are active non-contact wastewater management units
15 next to the 291-Z Building. Although no releases were reported for these units in the
16 documents reviewed, trace beta activity has been reported for the 216-Z-14 French Drain.
17 Also, previous reports indicate that low level contamination can be assumed due to accidents
18 or unusual events in the process areas. The contamination would be expected to affect
19 vadose zone soils. No gamma scintillation logging wells were identified near these facilities
20 (Table 4-10).
21
22 No detectable surface radiation was measured near the French Drains during a 1991
23 radiological survey.
24
25 4.1.2.3.8 216-Z-1A Tile Field. Like the 216-Z-18 Crib (Section 4.1.2.3.5), the
26 216-Z-1A Tile Field received quantities of carbon tetrachloride and other liquid wastes. The
27 tile field was a key waste management unit considered in the Carbon Tetrachloride ERA
28 Proposal (DOE/RL 1991b) as discussed in Subsections 4.1.1.5.2. and 4.1.2.3.5. During
29 down-hole vapor sampling conducted at the tile field for the ERA Proposal, the maximum
30 carbon tetrachloride concentration detected was 16.2 ppmv. As part of the ERA Proposal
31 work, the tile field was also the subject of a soil vapor extraction system characterization
32 test. Down-hole soil samples were collected during the test, and indicated that carbon
33 tetrachloride at concentrations of up to 89 ppm has migrated to depths of at least 40 m (l
34 beneath the 216-Z-IA Tile Field. During the test, chloroform was also detected in vapor
35 samples, but at concentrations below the 5 to 10 ppm range of analytical quantitation limits
36 cited in the ERA Proposal. According to the ERA Proposal, analyses also indicated the
37 presence of 2-butanone at concentrations up to 148 ppm, but may be attributable to alcohol
38 used in the analytical method, since 2-butanone was found in the analysis blank sample.
39 Vapor samples from wells near the 216-Z-18 Crib and the 216-Z-9 Trench were not analyzed
40 for volatile compounds other than carbon tetrachloride. Interpretation of the data from the
41 ERA Proposal, and discussion of the extent of carbon tetrachloride in Z Plant Aggregate
42 Area soils is provided in the Vadose Zone Contamination section (4.1.1.5), and in the
43 216-Z-8 Crib section (4.1.2.3.5).
44
45 Price et al. (1979) investigated the distribution of plutonium and americium in soil in
46 the vicinity of the 216-Z-1A Tile Field. During the investigation, 16 wells or vadose zone

4-22



*1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4-23

DOE/RL-91-58
Draft B

soil borings were installed to evaluate the lateral and vertical extent of contamination (Figure
4-5). The authors drew the following conclusions:

" The distribution of plutonium and americium beneath the tile field are similar.
The highest measured concentration of plutonium (about 4 x 10 nCi/g) and
americium (about 2.5 x 10' nCi/g) occurs in sediments located immediately
beneath the central distributor pipe.

* The concentration of plutonium and americium in sediments generally decreases
with depth below the bottom of the tile field. An increase in concentration with
depth was generally associated with an increase in the silt content of the
sediments or with contacts between sedimentary units.

* The bulk of the actinide contamination appears to be contained within the first 15
m (48 ft) of sediments beneath the bottom of the 216-Z-IA Tile Field. The
maximum vertical penetration of the plutonium and americium contamination
(defined by the 10 nCi/g isopleth) is approximately 30 m (98 ft) below the
bottom of the facility, or about 30 m (98 ft) above the water table.

* The distribution of activity in vadose zone wells around the perimeter of the 216-
Z-IA Tile Field is discontinuous with depth. The waste appears to have been
released to the ground within a few meters of the central distributor pipe and then
spread laterally along contacts between dissimilar soil horizons. The lateral
spread was limited to within a 10 m (30 ft) wide zone around the perimeter of the
tile field.

A review of available gamma scintillation logs revealed elevated gamma response,
possibly indicative of radionuclide contamination, from near ground surface to a maximum
depth of 30 m ( below ground surface in several wells inside the crib (Table 4-10).
However, elevated gamma scintillation readings were not observed outside the tile field. In
conclusion, radionuclide and inorganics contamination in near-surface and deeper vadose
zone soils due to historic waste disposal practices is known to have occurred at this site.

In a 1989 radiological surface survey, detectable radiation (10,000 dis/min), and
smearable alpha radiation (500 dis/min) were detected near the tile field.

4.1.2.4 Reverse Wells. Reverse wells at the Z Plant Aggregate Area include only the 216-
Z-10 Reverse Well, an inactive underground injection well for waste liquids. The well was
completed to a depth of 46 m (150 ft), providing a deeper migration conduit for both
chemical and radiological contaminants into the vadose zone. At this location the
groundwater table is present at about 63 m (205 ft) below ground surface. As discussed in
Subsection 4.1.1.5.3 migration of these waste liquids (and possibly entrained contaminants) is
likely at this location due to the volume of liquid injected.
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1 No specific chemical sampling data was identified for the 216-Z-10 Reverse Well.
2 Several monitoring wells are located near the reverse well but have not been logged using
3 gamma scintillation equipment (Table 4-10).
4
5 4.1.2.5 Ponds, Ditches, and Trenches. This category of waste management units includes
6 the 216-Z-4 Trench, the 216-Z-9 Trench, and the 216-Z-17 Trench at the Z Plant Aggregate
7 Area. As diseusscd in Section 2.0, wastewater conveyance ditches associated with the
8 formfer 216 Z 1/1216 Z 19 Ditch systemn afc discuissed ini the U Plaiit AAMSR (DOEilL=
9 4992). There are no ponds located within the Z Plant Aggregate Area.

10
11 4.1.2.5.1 216-Z-4 Trench. The 216-Z-4 Trench received liquid laboratory waste
12 from the 231-Z Building during one month in 1945. The wastes were neutral/basic and
13 contained plutonium. No specific chemical sampling data was identified for the 216-Z-4
14 Trench. No monitoring wells were identified near the 216-Z-4 Trench. Due to information
15 found regarding historic waste disposal practices, radionuclide and chemical contamination is

fl 16 suspected in vadose zone soils at this location.
17
18 4.1.2.5.2 216-Z-9 Trench. The 216-Z-9 Trench received liquid waste containing
19 carbon tetrachloride and t*asuranie M wastes from the RECUPLEX facility in the 234-5Z
20 Building. As for the 216-Z-18 Crib and the 216-Z-IA Tile Field, carbon tetrachloride was
21 reportedly detected in down-hole soil vapor samples collected from wells within and adjacent
22 to the 216-Z-9 Trench (DOE/RL 1991b). The maximum carbon tetrachloride concentration
23 detected during the field program was 106 ppmv. Interpretation of the data from the ERA
24 Proposal, and discussion of the extent of carbon tetrachloride in Z Plant Aggregate Area soils
25 are provided in the Vadose Zone Contamination section (4.1.1.5), and in the 216-Z-18 Crib
26 section (4.1.2.3.5).
27

- 28 Within the 216-Z-9 Trench, soil samples were collected in 1959, 1961, and 1963, to
29 evaluate concentrations and distribution of plutonium within the waste unit so that the service
30 life of the trench could be safely extended. Plutonium concentrations of up to 34.5 grams

rs 31 plutonium per liter (gPu/L) of soil were measured in the 1963 samples from the upper 0 to
32 0.15 m (% to 9.5 ft) of soil beneath the trench floor. Additional samples collected in 1973
33 (Smith 1973) confirmed the presence of elevated concentrations of plutonium in the trench.
34 Samples collected in 1973 from a depth of 2.4 m (7.9 ft) contained plutonium concentrations
35 of 0.30 gPu/L of soil, and americium concentrations of 200 to 500 pCi/L of soil. The trench
36 bottom soil was subsequently sprayed with a cadmium nitrate solution to reduce the potential
37 for a criticality event. The upper 30 cm (0.98 X27ih) of soil were then excavated in
38 1978 to reduce the risk of environmental contamination (Ludowise 1978) and the soil was
39 placed in drum containers for disposal.
40
41 A number of monitoring wells have been completed near the 216-Z-9 Trench. A
42 review of available gamma scintillation logs indicated elevated gamma response, potentially
43 indicative of radionuclide contamination at several locations 10 to 20 m to 66.t) from the
44 Tfrench, but generally natural gamma response in wells near the Ttrench (Table 4-10). For
45 example, elevated gamma response has been observed in well 299-W15-6, 20 m (66f)
46 northeast of the Tirench, between depths of 1 and 9 m (49 and 7125ft). Elevated gamma
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response has also been observed between depths of 15 and 38 in in wells 299-W15-8 and
299-W15-86 which are located approximately 10 m south and southwest of the Tirench,
respectively.

No detectable radiation'was measured at the 216-Z-9 Trench during a 1991 surface
radiological survey.

4.1.2.5.3 216-Z-17 Trench. The 216-Z-17 Trench received laboratory wastes from
the 231-Z Building during 1967 and 1968. Like the 216-Z-4 Trench, waste liquids disposed
of in the 216-Z-17 Trench were neutral/basic and contained plutonium. A field radiation
survey in the 216-Z-17 Trench before backfilling in 1975 indicated 2,000 dis/min of alpha
radioactivity. No specific chemical sampling data was identified for the 216-Z-17 Trench.
One monitoring well, 299-W15-204, was identified on the west side of the trench. However,
the well has not been logged using gamma scintillation equipment (Table 4-10).

Due to available information regarding historic waste disposal practices, radionuclide
and chemical contamination is suspected in vadose zone soils at this location.

A surface radiological survey completed in 1991 did not measure detectable radiation.

4.1.2.6 Septic Tanks and Associated Drain Fields. This category of waste management
units includes the 2607-Z, 2607-Z-1, 2607-WA, 2607-WB, and 2607-W-8 Septic Tank and
Drain 4Fields. No specific chemical sampling data was identified for the septic tanks. These
units are reported as having received sanitary wastes only. Radiological and chemical
contaminants from Z Plant processing facilities are therefore not suspected at these locations.

4.1.2.7 Transfer Facilities, Diversion Boxes, and Pipelines. As shown on Figure 2-10, a
number of pipelines and three ineludesthree transfer facilities were identified in the Z Plant
Aggregate Area:

" 241-Z Diversion Box No. 1
* 241-Z Diversion Box No. 2
* 231-Z-151 Sump.

4.1.2.7.1 241-Z Diversion Boxes No. I and No. 2. Diversion Box No. 1 controlled
the flow of liquid wastes at the piping junction to the 216-Z-1A Tile Field, 216-Z-l Crib,
216-Z-2 Crib, 216-Z-3 Crib, and the 216-Z12 Crib. Similarly, Diversion Box No. 2 was
located north of the 216-Z-12 Crib and controlled flow of wastes to that crib. No specific
chemical sampling data was identified for the diversion boxes. One monitoring well,
299-W18-156 is located near Diversion Box No. 2, but has not been logged using gamma
scintillation detection equipment. No releases were reported at the locations of these
structures in the documents reviewed.

Available information regarding historic use of these facilities suggests that
radionuclide and chemical contamination are possible in vadose zone soils at this location.
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1 4.1.2.7.2 231-Z-151 Sump. The 231-Z-151 Sump controlled flow of waste liquids
2 from the 231-Z Building to the 216-Z-5 Crib, 216-Z-6 Crib, 216-Z-7 Crib, 216-Z-16 Crib,
3 216-Z-16 Crib, 216-Z410 Reverse Well, and 216-Z-4 Trench, and 216-Z-17 Trench.
4 Unplanned Release UN-200-W-130 was identified near the diversion box and involved a
5 leaking waste line from the 231-Z Building.
6
7 No specific chemical sampling data were identified for the 231-Z-151 Sump. No
8 monitoring wells were identified near the sump.
9

10 Based on available information regarding historic use of this facility and the
11 information regarding a nearby UWnplanned Ptelease, radionuclide and chemical
12 contamination is suspected in vadose zone soils at this location.
13
14 4.1.2.8 Basins. Two basins, the 207-Z Retention Basin and the 216-Z-21 Seepage Basin,
15 are located in the Z Plant Aggregate Area.
16
17 4.1.2.8.1 207-Z Retention Basin. The 207-Z Retention Basin is a concrete structure
18 which received potentially contaminated liquid waste from the 234-5Z Building prior to
19 discharge to the 216-Z-l(D)/Z-l1 Ditch system. No releases were reported at this locations
20 in the documents reviewed.
21
22 No specific chemical sampling data were identified for the 207-Z Retention Basin. No
23 monitoring wells were identified near the Bbasin.
24
25 4.1.2.8.2 216-Z-21 Seepage Basin. The 216-Z-21 Seepage Basin currently receives
26 non-contact discharge water from the 234-5Z HVAC system and storm water runoff. As
27 discussed in Section 4.1.1.4, aquatic vegetation and sediment samples collected from the
28 seepage basin as part of annual Hanford Site environmental surveillance monitoring contained
29 elevated concentrations of plutonium-239 and other radionuclides (Table 4-9) (Schmidt et al.
S30 1990 and 1994$). Also beta radioactivity (5,000 ct/min) was detected in a tumbleweed

cm 31 during a 1989 surface radiological survey. Tumbleweeds blow into the seepage basin from
32 outside sources and are periodically removed for disposal. No radionuclides, nitrates, or
33 other constituents were detected in water samples collected from the seepage basin during
34 annual monitoring for 1988, 1989, and 1990. Sedime" fr Inth fseep.age basin was atsb
35 fondt~iohfnainelevafed concentrins ,Qf sevra raIoncideskShmidt et at. 1990canfd
36 1992dring the 1989 and 99Q an morntonng. prgramsf (Taes4-9).
37
38 One monitoring well, 299-W15-208, has been completed inside the 216-Z-21 Seepage
39 Basin. However, the well has not been logged using gamma scintillation equipment, possibly
40 due to expected attenuation in the grout seal in this well.
41
42 4.1.2.9 Burial Sites. Solid Waste Burial Grounds 218-W-1, 218-W-IA, 218-W-2,
43 218-W-2A, 218-W-3, 218-W-3A, 218-W-3AE, 218-W-4A, 218-W-4B, 218-W-4C, 218-W-5,
44 218-W-6, 218-W- 11, and the Z Plant Bum Pit are located in the Z Plant Aggregate Area.
45 Section 2.9 presents information identified regarding waste materials disposed to the burial
46 sites. Figure 2-12 shows the locations of the burial sites. Soil chemical testing data were
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collected during the LLWMA groundwater monitoring well installation programs between
1987 and 1990 (Goodwin and Bjornstad 1990; and Barton et al. 1990). Additional data is
presented in the Z Plant Geologic and Geophysics Data Package for the 200 Aggregate Area
Management Study (Chamness et al. 1991).

Additional analytical data from the Z Plant Aggregate Area burial grounds include
results of air, TLD, surface soil, and vegetation sampling during annual environmental
monitoring. These data are presented in Section 4.1.1. As discussed in that section, the
information is in general, more indicative of area-wide trends in contamination from ongoing
production and process operations in the 200 Areas, than it is indicative of localized releases
from burial site sources. Results of airborne radiological surveys, and generalized areas of
surface/subsurface radiological contamination and posting for the burial grounds were also
discussed in Section 4.1.1.

The solid waste burial grounds are the locations of many of the tinplanned Rieleases
of radioactive materials described in Section 2.3.10. Residual surface contamination may be
present at locations of Uf.nplanned Rieleases, particularly where remedial efforts involved
flushing affected areas with water. Potential for deeper vadose zone or groundwater
contamination is low, and is dependent upon a consistent driving force such as natural
groundwater recharge via precipitation to promote migration. Issues associated with natural
recharge are discussed in Section 3.5.

4.1.2.9.1 218-W-1 Burial Ground. The 218-W-1 Burial Ground is an inactive solid
waste disposal facility which received transuranic/mixed solid waste from 1944 to 1953.
Twe T Ugnplanned Rieleases, UN-200-W-l IU-20W-' 84, and UPR-200-W-134,
are associated with the 218-W-1 Burial Ground. A fire in the burial ground in 1952 released
plutonium and likely resulted in surface soil contamination at the burial ground and adjacent
areas via wind dispersion. No monitoring wells are associated with the burial ground.

During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was
measured at a "small topsoil hot spot" in the 218-W-1 burial ground (Table 4-5).

4.1.2.9.2 218-W-IA Burial Ground. The 218-W-lA Burial Ground is an inactive
solid waste disposal facility which received miscellaneous industrial dry waste from 1944 to
1955. No Unplanned Releases U 2Q0t1 are asseoiated with cCurrtd in the
218-W-IA Burial Ground.

No detectable surface radiation was reported in the 218-W-1A Burial Ground during a
1991 radiological survey.

4.1.2.9.3 218-W-2 Burial Ground. The 218-W-2 Burial Ground is an inactive solid
waste disposal facility which received miscellaneous unsegregated dry waste from 1953 to
1956. No Unplanned Rieleases are associated with the 218-W-2 Burial Ground. No
monitoring wells are associated with the burial ground.
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1 During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was
2 measured at a "small hot spot" in the 218-W-2 burial ground (Table 4-5).
3
4 4.1.2.9.4 218-W-2A Burial Ground. The 218-W-2A Burial Ground is an inactive
5 solid waste disposal facility which received low level and mixed solid waste from 1954 to
6 1985. One 4nplanned Rjelease, UPR-200-W-45, is associated with the 218-W-2A Burial
7 Ground. The collapse of a burial box in 1957 dispersed trasuranie radionuclides over
8 7 1,800 acresl near the burial ground. No monitoring wells are associated with
9 the burial ground.

10
11 During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was
12 measured at the 218-W-2A burial ground (Table 4-5).
13
14 4.1.2.9.5 218-W-3 Burial Ground. The 218-W-3 Burial Ground is an inactive solid
15 waste disposal facility which received transurani:e T /mixed solid waste from 1957 to 1960

N 16 or 1961. No Uornplanned Rteleases are associated with this unit. No monitoring wells were
17 associated this waste management unit.
18

- 19 No detectable surface radiation was reported in the 218-W-3 Burial Ground during a
20 1991 radiological survey.
21

rP 22 4.1.2.9.6 218-W-3A Burial Ground. The 218-W-3A Burial Ground is active solid
23 waste disposal facility which began receiving transranie TRU/mixed solid waste in 1971.
24 Ne Unplanned Rleases are asacciated with this unit. Three wells potentially monitor
25 conditions in this waste management unit. Gamma scintillation logging performed in 1987
26 indicated only natural gamma response. Un dplne ResUR-200-W-158, which
27 M" in -

-28 ocurdi h 1- A Burdal Groud, eltedpnsm surface contamiinat&n in the 2x8-
-28 W-3 BuriGrud

29
30 During a 1991 surface radiological survey, 40,000 dis/min of beta radiation was

rn 31 measured over a 1 m- b 1 m (|ft) area in the 218-W-3A Burial Ground (Table 4-5).
32
33 4.1.2.9.7 218-W-3AE Burial Ground. The 218-W-3AE Burial Ground is an active
34 solid waste disposal facility which began receiving mixed solid waste in 1982. No
35 T nplanned Riepleases are associated with this unit. Seven wells potentially monitor
36 conditions in this waste management unit. Gamma scintillation logging performed in
37 different monitoring wells in 1987, 1989, and 1990 indicated only natural gamma response.
38
39 4.1.2.9.8 218-W-4A Burial Ground. The 218-W-4A Burial Ground is an inactive
40 solid waste disposal facility which received transuranic/mixed waste from 1958 to 1968.
41 Four U(gnplanned Rteleases, UPR-200-W-16, UPR-200-W-26, UPR-200-W-53, and UPR-
42 200-W-72, are associated with the 218-W-4A Burial Ground. As described in Table 2-56,
43 the U4nplanned Rteleases resulted in plutonium and ruthenium contamination of surface soils
44 within and outside the burial ground. The 218-W-4A Burial Ground contains two steel-drum
45 caissons which might be a source of radionuclides (Section 2.3.9.8). No monitoring wells
46 were identified within the 218-W-4A Burial Ground.
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1 During a 1991 surface radiological survey, 10,000 dis/min of beta radiation was
2 measured over a7m-* 1m (273 fby 3x t hot spot in the burial ground (Table 4-5).
3
4 Due to the U"nplanned RVeleases and the presence of. caissons, vadose zone soil
5 contamination is suspected at this site
6
7 4.1.2.9.9 218-W-4B Burial Ground. The 218-W-4B Burial Ground is an active
8 faeility W1 which began receiving transuranic and mixed solid waste in 1967. No
9 U;nplanned Iteleases are associated with the 218-W-4B Burial Ground. Elevated surface

10 radiation monitoring readings have been reported at the site .
11
12 Three monitoring wells located around the perimeter of the 218-W-4B Burial Ground
13 were logged using gamma scintillation equipment in 1989 and 1990. The gamma scintillation
14 logs indicated only natural gamma response (Table 4-10).
15

c 16 4.1.2.9.10 218-W-4C Burial Ground. The 218-W-4C Burial Ground is an active
17 facility which began receiving transuranic and mixed solid waste in 1974. An Unplanned
18 R9jelease associated with the 241-UR Diversion Box (a U Plant Aggregate Area transfer
19 facility), UN-200-W-132, contaminated two areas in the eastern part of the burial ground of
20 approximately 11.2 and 41.9 m2 (2 andV45t'fQ) in 1956 (Table 2-5). A total of eleven
21 monitoring wells were identified in the 218-W-4C Burial Ground; all but one have been

r 22 logged using gamma scintillation detection equipment (Table 4-10). Gamma scintillation
23 logging performed in July 1987 indicated possibly elevated gamma response in one well,
24 299-W15-18, located 30 m west of the northern portion of the burial ground. The
25 elevated gamma response was observed between depths of 55 and 58 m R19*i'd t1
26 below ground surface.
27
28 Due to the Tflnplanned R elease and elevated gamma response in one monitoring well,
29 vadose zone soil contamination is suspected in the eastern parts of the 218-W-4C Burial
30 Ground.
31
32 4.1.2.9.11 218-W-5 Burial Ground. The 218-W-5 Burial Ground is an active waste
33 management unit which receives low.level/mixed solid waste. No Uunplanned Rreleases are
34 associated with the 218-W-5 Burial Ground. Wells 299-W7-1, 299-W7-9, 299-W8-1, 299-
35 W9-1, 299-W10-13, and 299-W10-14 potentially monitor site conditions.
36
37 No releases are associated with the site t Consequently, no contamination is
38 suspected at the 218-W-5 Burial Ground.
39
40 4.1.2.9.12 218-W-6 Burial Ground. The 218-W-6 Burial Ground is a proposed
41 facility located in the northeast corner of the Z Plant Aggregate Area. No releases of
42 hazardous materials are as:iat d idicated at this e-ite unit. How , uplainnd
43 ase U 2 W-458 y have used se
44 ground.One monitoring well, 299-W6-1, was identified near the center of the 218-W-6
45 Bural Ground. Gamma scintillation logging performed in April 1963 indicated only natural
46 gamma response.
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INo contamfination is suspocted at the 218 'A' 6 Burial Ground. 6s
2
3 4.1.2.9.13 218-W-1I Burial Ground. The 218-W-11 Burial Ground is an inactive
4 facility that received low-level and mixed waste during 1960. Np namedreases are
5 aOns Unplanned Rwltast, bR 200 8, ssseei-ated
6 wiu rntaminated soil from the 2 npand Rtcloaso wa
7 picked up and placed in a burial trn One monitoring well, 299-W15-2, is associated with
8 the 218-W- 11 Burial Ground. Gamma scintillation logging performed in November 1976
9 indicated only natural gamma response.

10
11 Only minor vadose zone soil contamination is suspected at the 218-W- 11 Burial
12 Ground.
13
14 No surface radiation was detected during a 1991 radiological survey of the 218-W- 11
15 Burial Ground A4rea.
16
17 4.1.2.9.14 Z Plant Burn Pit. Releases may be associated with the estimated
18 1,000 i eubie-meters (350Ofra of chemical waste disposed at the Z Plant Burn Pit, but
19 were not reported in the documents reviewed. The Z Plant Burn Pit is east of the main Z
20 Plant building complex. No specific chemical sampling data were identified for the Bburn
21 Ppit. Also, no monitoring wells were identified near the Z Plant Burn Pit.
22
23 Non-hazardous chemical contaminants are suspected in vadose zone soils at this
24 location.
25
26 4.1.2.10 Unplanned Releases. No specific chemical sampling data were identified for the
27 U"nplanned RWeleases. Also, no monitoring wells were identified near Uunplanned
28 :releaseo sites. Historical information discussed in Section 2.3.10 and Table 2-6 indicates
29 that radionuclide contamination is suspected at most of the 4Ainplanned Rleleases sites but
30 insufficient information was identified to characterize the nature and extent of contamination.
31 Tables 4-2 and 4-3 summarize available information regarding media potentially affected by
32 U4nplanned Releases.
33
34
35 4.2 POTENTIAL IMPACTS TO HUMAN HEALTH AN) T N VIRONMENT
36
37 This preliminary assessment is intended to provide a qualitative evaluation of potential
38 human health M hazards associated with the known and suspected
39 contaminants at the Z Plant Aggregate Area. The assessment includes a discussion of
40 potential transport pathways, develops a conceptual model of human 4anvi"hnientl
41 exposure based on these pathways, and presents the physical, radiological, and toxicological
42 characteristics of the known or suspected contaminants.
43
44 In developing the conceptual model, potential exposures to groundwater have not been
45 addressed in detail. Since migration to groundwater is the primary route for potential future
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exposures to many of the chemicals disposed of at the site, this pathway (i.e., travel time,
receptors) will be addressed in the 200 West Groundwater AAMS.

It is important to note that these evaluations do not attempt to quantify potential human
health br ironmenal risks associated with exposure to Z Plant Aggregate Area waste
management unit contaminants. Such a risk assessment cannot be performed until additional
waste management unit characterization data are acquired. Risk assessments will be
performed in accordance with the Hanford Site Baseline Risk Assessment Methodology
document (DOE/RL 1994a2b) being prepared in response to the M-29 milestone. T16

rates ff the. Rmm g kAl~~E

methodVVUg in 1rp1)ue ah uit s esashd in te tis 1ssesmen GaneSuprfmd( PkA 19I).

The biity of hn9iquaiative assesment 4i'ad&Wspteil enironmetal and
i krey constrained by hreative'la4 <ategardg p tenaly

exosdyn ppuadn an4s peurepThwas. s zdicsed h Stcden Mkpasttudies

eyute the pont impa~cts~ of the'Z P]m Agirgate Area. The e %niToe ant
A r Aspn bA aited to vegetation s:amplnglin, (ection 4' f,
Th i leofb#4 in ransp$rtconamInan& bruthhtvdnmn s icsedi h

s sthand b ?Thaeictuge.as reeptors n the concepwal mode. However,
as of poa l bi risko ted wdkbioa. exposure to Z Plan

A Ate Ar; cnAamrnants s n n n data. This data gap is

4.2.1 Release Mechanisms

Z Plant Aggregate Area waste management units can be divided into two general
categories based on the nature of the waste release: 1) units where waste was discharged
directly to the environment; and 2) units where waste was disposed of inside a containment
structure and must bypass* an engineered barrier to reach the environment.

In the first group are those waste management units where release of wastes to the soil
column was an integral part of the waste disposal strategy. Included in this group are tile
fields, septic system drain fields, ditches, french drains, seepage basins, cribs without liners,
reverse wells, and some disposal trenches. Also in this group are Y4nplanned R.eleases that
involved waste material eenteeing bare soil. For these types of waste
management units, if discharges to the unit contained chemicals of concern, it can be
assumed that soils underlying the waste management unit are contaminated. The first task in
developing a conceptual model for these units is to determine whether ehemieals
otinants of concern are retained in soil near the waste management unit, or are likely to

migrate to the underlying aquifer and then to receptor points such as drinking water wells or
surface water bodies. Factors affecting migration of chemicals away from the point of
release will be discussed in the following section.
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1 In the second group are waste management units that were intended to act as a barrier
2 to environmental releases. Included in this group are burial grounds containing drums or
3 other containers, cribs with membrane liners, caissons, vaults, tanks, retention basins, waste
4 transfer facilities, and U4inplanned Releases that occurred within containment structures.
5 Waste management units that received only dry waste could also be included in this category,
6 since the potential for wastes to migrate to soils outside of the unit is low due to the
7 negligible natural recharge rate at ih the Hanfer-d-Site 200Areas. For these waste
8 management units, the first consideration to be addressed in developing a conceptual model is
9 the integrity of the containment structure.

10
11 The ability of this report to evaluate the efficacy of engineered barriers is limited by
12 the lack of vadose zone soil sampling data and air sampling data for many waste management
13 units. Available sampling information for the waste management units and Uinplanned
14 Rieleases was summarized in Section 4.1. The data indicate that membrane liner systems
15 used in waste management units with significant liquid inputs (e.g., 216-Z-12 Crib) were
16 ineffective in preventing releases to the subsurface.
17
18 The efficacy and integrity of concrete liners (207-Z Retention Basin), concrete and steel
19 pads (high-level transuranie t@kU caissons and vaults), and concrete plugs in corrugated
20 piping (low-level radioactive waste caissons) have not been determined. For those waste
21 management units that received only dry wastes such as gloves, pumps, contaminated dirt,22 and process equipment, the potential for release is expected to be low. However, small
23 amounts of liquid wastes (tritium, lab wastes) are known to have been disposed of in these
24 waste management units, and early disposal records (prior to about 1968) are incomplete.
25 Thus, releases from these structures to the surrounding soil are possible.
26

rtt 27 In addition to evaluating releases to the subsurface, the conceptual model must address
28 the potential for releases to air and, for radionuclides, the potential for direct irradiation. All
29 waste management units have some type of barrier to releases to the surface; however,
30 barriers can fail over time or may not be designed to prevent migration by certain transport
31 pathways (e.g., volatilization).
32
33 Many Sdii of the cribs in the Z Plant Aggregate Area have experienced cave-ins in
34 recent years due to decomposition of the wooden framework of the cribs. Such collapse can
35 lead to high levels of direct radiation at the surface and the potential for spread of
36 contaminated materials by wind erosion. The Westinghouse Hanford A iation:: Are
37 Remedial Aetion Program is responsible for detecting and remediating cave-ins by covering
38 the cribs with additional soil. Thus, any exposures from these incidents are generally short-
39 term. Waste management units that were remediated due to cave-ins during 1991 were the
40 216-Z-5 and 216-Z-7 Cribs.
41
42
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4.2.2 Transport Pathways

Transport pathways expected within the Z Plant Aggregate Area are summarized in this
section, including:

2
3
4
5
6
7
8
9
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1

" Drainage and leaching from soil to groundwater-
* Volatilization from wastes surfa wate and shallow soilst
* Wind erosion of contaminated surface soils-
* Deposition of fugitive dust on soils, plants, and surface watert
* Uptake from soils 'Wd s f' t by vegetation-
* Uptake frem-seils by animals via direct contact with soils or sfacewater'or

ingestion of silsurace watr vegetation 5r ft&er anima-:; P
* Direct radiation.

In addition, transport within the saturated zone and subsequent release to groundwater
wells or to off-site surface water (i.e., the Columbia River) is of potential concern, but will
not be addressed in this document, since this topic will be the focus of the 200 West
Groundwater AAMS.

05 iii4oldb thdg the foll Wgptways:

............;'

4.2.2.1 Transport from Soils to Groundwater. Soil is the initial receiving medium for
waste discharges in the Z Plant Aggregate Area, whether the release is directly to soil or
through failure of a containment system. Several factors determine whether chemicals that
are introduced into the vadose zone will reach a perched zone or the unconfined aquifer,
which lies at a depth of approximately 60 m (200) feet) below ground surface. These factors
are discussed in the following subsections.

4.2.2.1.1 Depth of Release. As1atenearu fr r a iven volume, Wvaste
management units which released wastes at a greater depth below the surface are-merelikely

h ai p iail to contaminate groundwater than waste management units where the
release was shallow. C'h ifabtrs how s arge undely gIqgy

admy oth wi a significany> impact c5tanmant m6v~ent. The 216-Z-10 Reverse
Well is the primary example of a deep release at the Z Plant Aggregate Area. This unit
discharged wastes to the vadose zone approximately 45 m (150 ft) below the surface, or
approximately 15 m (50 ft) above the water table in the unconfined aquifer.
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1 4.2.2.1.2 Liquid Volume or Recharge Rate. For waste constituents to migrate to the
2 underlying water table, some source of recharge must be present. In the Z Plant Aggregate
3 Area, the primary sources of moisture for mobilizing contaminants are waste management
4 units which discharge liquid waste to the soil column and precipitation recharge. As

........................... ... ,b......5 discussed in Section 3.5.2, estimetes r fles. avbensmated of natural
6 precipitation recharge range from 0 to 0 /ry . &rimar:yp n
7 surface soil type, vegetation, and topography. The'uperd bf4th&1rnge is basd 0" a
8 predi mA ume; heereaxge rate i hikely tobe lower. Gravelly
9 surface soils with no or minor shallow-rooted vegetation appear to facilitate precipitation

10 recharge. One modeling study (Smoot et al. 1989) indicated that some radionuclide ("'Cs
11 and 'oRu) transport could occur with as little as 5 cm/yr l( i/yr) of natural recharge.
12 However, other researchers (Routson and Johnson 1990) have concluded that no net
13 precipitation recharge occurs in the 200 Areas, particularly at waste management units which
14 are capped with fine-grained soils or impermeable covers.
15
16 With respect to artificial recharge, as discussed in Section 4.1.8, several waste
17 management units (e.g., the 216-Z-12 Crib) were identified in which the known volume of
18 liquid waste discharged substantially exceeded the total estimated soil pore volume present
19 below the footprint of the facility. In this case, the moisture content of soil below the waste
20 management units likely approached saturation during the period of use of these facilities.
21 Because vadose zone hydraulic conductivities are maximized at water contents near

C 22 saturation, the volume of liquid waste water historically discharged to the waste management
23 units identified in Table 4-11 probably enhanced fluid migration in the vadose zone beneath
24 these units.
25
26 Contaminants that are not initially transported to the water table by drainage may be
27 mobilized at a later date if a large volume of liquid is added to the waste management unit.
28 In addition, liquids discharged to one unit could mobilize wastes discharged to an adjacent
29 unit if lateral migration takes place within the vadose zone. An example of this process
30 occurred at the U Plant 216-U-16 Crib where lateral migration of acidic waste above a
31 caliche layer mobilized radionuclides in the 216-U-I and 216-U-2 Cribs (Bakerett: al1 )
32 No examples of interactions between waste management units are known to have occurred
33 within the Z Plant Aggregate Area. wovor, stic fld and tho 216 Z 21 Scpag B n
34 aof leeated within 50 moitors of waste mflaage..icnt units that feeoiv j liquid wasto and thus

35 could potontiafly mobilize wastes fromn these units.

36
37 4.2.2.1.3 Soil Moisture Transport Properties. As discussed in Section 3.5.2, the
38 moisture flux in the vadose zone is dependent on hydraulic conductivity as well as gradients
39 of moisture content or matrix suction. Higher unsaturated hydraulic conductivities are
40 associated with higher moisture contents. However, higher unsaturated hydraulic
41 conductivities may be associated with fine-grained soils compared to coarse-grained soils at
42 low moisture contents (Fre adChery4979. Due to the highly stratified nature of
43 Hanford Site vadose zone soils and the moisture content dependence of unsaturated hydraulic
44 conductivity, substantial vertical anisotrophy is expected, i.e., vadose zone soils are likely
45 more permeable in the horizontal direction than in the vertical. This vertical anisotrophy
46 may substantially reduce the potential for contaminant migration to the unconfined aquifer.
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4.2.2.1.4 Retardation. The rate at which contaminants will migrate out of a complex
waste mixture and be transported through unsaturated soils depends on a number of
characteristics of the chemical, the waste, and the soil matrix. In general, chemicals that
have low solubilities in the leaching fluid or are strongly adsorbed to soils will be retarded in
their migration velocity compared to the movement of soil pore water. Aigenerua2dscdussi1

d' a rvw tif f .ff.t.g l.y I . in s" is provided by Dragun
(Q98). Studies have been conducted of soil parameters affecting waste migration at the
Hanford Site to attempt to identify the factors that control migration of radionuclides and
other chemicals. Recent studies of soil sorption are summarized by Serne and Wood (1990).
Some of the processes that have been shown to control the rate of transport are:

" Adsorption to Soils. Most contaminants are chemically attracted to some degree
to the solid components of the soil matrix. For organic compounds, the
adsorption is generally to the organic fraction of the soil, although in extremely
low-organic soils, adsorption to inorganic components may be of greater
importance. Soil components contributing to adsorption of inorganic compounds
include clays, organic matter, and iron and aluminum oxyhydroxides. In general,
Hanford Site surface soils are characterized as sandy or gravelly with very low
organic content (<0.1%) and low clay content (<12%) (Tallman et al. 1981).
Thus, site-specific adsorption factors are likely to be lower, and rate of transport
higher, than the average for soils nationwide.

" Filtration. Filtration of suspended particulates by fine-grained sediments was
suggested as a mechanism for concentration of plutonium in certain sedimentary
layers at the 216-Z-1A Tile Field. This finding suggests that migration of
suspended particulates may be an important mechanism of transport for poorly
soluble chemicals.

* Solubility. The rate of release of some chemicals is controlled by the rate of
dissolution of the chemical from a solid form. The concentration of these
chemicals in the pore water will be extremely low, even if they are poorly
sorbed. An example cited by Serne and Wood (1990) is the solubility of
plutonium oxide, which appears to be the limiting factor controlling the release of
plutonium from waste materials at neutral and basic pH.

* Ionic Strength of Waste. For some inorganics, the dominant mechanism leading
to desorption from the soil matrix is ion exchange. Leachant having high ionic
strength (high salt content) can bias the sorption equilibrium toward desorption,
leading to higher concentrations of the chemical in the soil pore water. Wastes
within the Z Plant Aggregate Area that can be considered high ionic strength
include the PFP process wastes and the RECUPLEX and PRF aqueous wastes.

* Waste pH. The pH of a leachant has a strong effect on inorganic contaminant
transport. Acidic leachates tend to increase migration both by increasing the
solubility of precipitates and by changing the distribution of charged species in
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1 solution. The exact impact of acidic or basic wastes will depend on whether the
2 chemical is normally in cationic, anionic, or neutral form, and the form that it
3 takes at the new pH. Cationic species tend to be more strongly adsorbed to soils
4 than neutral or anionic species. The extent to which addition of acidic leachate
5 will cause a contaminant to migrate will also depend on the buffering or
6 neutralizing capacity of the soil, which is correlated with the calcium carbonate
7 (CaCO 3) content of the soil. Percent CaCO3 measurements on soil samples from
8 three monitoring wells from the Z Plant Aggregate Area are shown in Table A-2
9 of Appendix A. The soils in the Hanford formation beneath the Z Plant

10 Aggregate Area generally have carbonate contents in the range of 0. 1 to 5
11 percent. Higher carbonate contents (20 to 30 percent) are observed within the
12 Plio-Pleistocene caliche layer.
13
14 Once the leaching solution has been neutralized the dissolved constituents may
15 reprecipitate or become readsorbed to the soil. Observations of pH impacts on
16 waste transport at the Hanford Site include:
17
18 * Mobilization of plutonium and americium isotopes beneath the 216-Z- IA
19 Tile Field by acid liquid waste depends on a combination of pH effects and
20 complexation by organic components of the waste. These processes were
21 implicated in migration of the radionuclides to a depth of 30 metefs
22 below the bottom of the crib;-and
23
24 a Leaching of americium from 216-Z-9 Trench sediments was found to be
25 solubility controlled and correlated to solution pH (Rai et al. 1981).
26
27 4.2.2.1.5 Complexation by Organics. Certain organic materials disposed of at Z
28 Plant Aggregate Area are known to form complexes with inorganic ions, which can enhance
29 their solubility and mobility. Tributylphosphate is the primary organic complexing agent
30 disposed of at the Z Plant Aggregate Area. t such as carbon
31 totacloride are t Pet strodg cfm.xat r g ni s owevtr, if
32 the~s svet" arepreen as a separa phasetih the s1ubsurfce, they could affect the mobillty
33 6ttoufoirnoions bythr mechatasmsR Carboh ttrabhlride has beeh observed to aty: the

34 tak Gene l 1983).34 streurediof cays leaing tshrnkage and 'possible formation~ of cak Gene L18)
35 Inadtopsaeo acro erclrd phase through the soi4 may chng4 the extent o
36 $opino nogncin ~tt'S61] ogwancmt.
37
38 4.2.2.1.6 Contaminant Loss Mechanisms. Processes that can lead to loss of
39 chemicals from soils, and thus decrease the amount of chemical available for leaching to
40 groundwater, include:
41
42 * Radioactive Decay. Radioactivity of radionuclides decays over time, which
43 generally decreases the quantities and impacts from radioactive isotopes.
44 However, for some radioactive decay chains, ingrowth of daughter products can
45 lead to a net increase in radioactive emissions over time.
46
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* Biotransformation. Microorganisms in the soil may degrade organic chemicals
such as acetone and inorganic chemicals such as nitrate.

* Chemical Transformation. Hydrolysis, oxidation, reduction, radiolytic
degradation, and other chemical reactions are possible degradation mechanisms
for contaminants.

* Vegetative Uptake. Vegetation may remove chemicals from the soil, bring them
to the surface, and thereby introduce them to the food web.

* Volatilization. Organic chemicals and volatile radionuclides can be transported
in the vapor phase through open pores in soil either to adjacent soil or to the
atmosphere. Th v' ailVi d cm n OUT! incld hlotf6rn; rad (a
deyprdt furanum),and (ome elements
(mainly fission products such as iodine, ruthenium, cerium, and antimony) are
referred to as "semivolatiles" because they have a lesser tendency to volatilize.

4.2.2.2 Transport from Soils and Srfase3 5Wte, to Air. Transport of contaminants from
waste units to the atmosphere can occur by means of vapor transport or by fugitive dust
emissions.

Vapor transport may occur from waste management units where volatile organics (e.g.,
CC 4) or volatile radionuclides ("4 C, 14CO2 , 1291, or 3H) have been released. Transport
mechanisms include "va"ribon/vo Ilzation diffusion down a concentration gradient and
gas-driven flow. Situations where the latter process may occur include production of
methane gas from degradation of organic compounds in soil, or production of hydrogen and
oxygen gases by radiolytic hydrolysis of water.

In general, the earthen covers on cribs and trenches are not designed to retard volatile
emissions. However, waste management units where high-level radioactive mixed wastes
were disposed of, such as the burial caissons, generally have air filtration devices on outlet
vents, designed to prevent release of contaminants to the atmosphere while the units were
being filled. The effectiveness of these devices for preventing ongoing volatile releases is
not known.

In order for fugitive dust emissions to occur, contaminants must be exposed at the
surface of the waste management unit. A number of mechanisms could lead to exposure of
contaminants in soil-covered waste management units. These mechanisms include uptake by
vegetation, transport by animals, disruption of the waste management unit (e.g., cave-ins at
cribs), and wind erosion. Wind erosion can strip off surface soil and uncover waste
materials. This mechanism has been identified as an ongoing problem in some of the waste
management unit areas. The processes by which biota may expose contaminated soils are
discussed in Section 4.2.2.4.
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1 The contribution of Z Plant Aggregate Areas to overall fugitive dust emissions at the
2 Hanford Site bWdar is expected to be relatively minor, based on results of air monitoring
3 downwind of Z Plant Aggregate Area waste management units (ijUt TOP 2.4V
5 4.2.2.3 Transport from Soils to Surface Water. There are no natural surface water
6 bodies within the Z Plant Aggregate Area. The 216-Z-21 Seepage Basin is occasionally
7 flooded with water from the Plutonium Recovery Facility storm drains and cooling water.
8 Although the water entering the seepage basin is non-contact wastewater and thus should not
9 contain contaminants, accidental releases to the Plutonium Recovery facility drains could lead

10 to contaminants entering this unit.
11
12 Transport of contaminants to surface water bodies outside of the Z Plant Aggregate
13 Area via groundwater discharge and deposition of fugitive dust on water bodies are the
14 primary pathways of potential concern for surface water effects. Groundwater discharge will
15 be addressed in the 200 West Groundwater AAMSIt.

ON 16
17 4.2.2.4 Transport from Soils ad Surface Water to Biota. Biota, plants and animals,
18 have the potential for taking up (bio-uptake), concentrating (bioaccumulating), transporting,
19 and depositing contamination beyond its original extent. Transfer from one species to
20 another in the food chain is also possible because of predation. The possibility of these
21 processes contributing significantly to the transport of contamination from the Z Plant
22 Aggregate Area waste management units is- reegta 4i nmge to affected
23 'osytm t"' ea TIA s d... .bednSectidns 6 and 4,
24 are4too gnea ~do n6 t deqa l "v<ut bid rnspot r exvogial rsk. This data24 

.. ..../d

25 gaps tdiscusse further in Secthons'5O'and& 86SThe&fTure acqUisitioni 6fhdditibnal data26 <M ~ rn&&a ik26 illbegufded by the requiremesff or human he, ndeogica ns sssmet 727 ~smtt th27 Haford ase ,e s fsesn M thdokig;y (DOE/RL 1992b) beinig prepared in response28
29
30 4.2.2.4.1 Uptake by Vegetation. Release of radioactivity to the surface by growth of

n? 31 vegetation is an ongoing problem at Z Plant waste management units. Roots of sagebrush
32 and other native species can take up radionuclides from soils below the surface and transport
33 these chemicals to the foliage. Wind dispersal of portions of the contaminated vegetation, or
34 entire plants (tumbleweeds), can lead to transport of contaminants outside of the unit.
35 Westinghouse Hanford has an ongoing vegetation control program (herbicide application,
36 reseeding with shallow-rooted vegetation, and mechanical removal) and radiological survey
37 program to prevent radioactivity from being transported by this mechanism. However, the
38 program does not assure complete removal of vegetation, and incidents of detection of
39 contaminated vegetation are reported occasionally in the radiological surveys.
40
41 4.2.2.4.2 Transport by Animals. Disturbance of waste management unit barriers by
42 animals occasionally leads to release of contaminants to the surface. Sbsurfa

43 raspote toth sufae y urowin Aanias thus~ exoigctainats for reease to
44 Additionally, animals that become contaminated by contact with subsurface waste
45 can spread contamination in their feces on the surface and outside of the waste management
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1 unit. Rabbits were noted as causing the greatest spread of contamination in the Sepafatioef
2 ,o Areas in 1985 (Elder et al. 1986).
3
4
5 4.2.3 Conceptual Model
6
7 Figure 4-6 presents a graphical summary ef the physical summary of the physical
8 characteristics and mechanisms at the site which could potentially affect the generation,
9 transport, and impact of contamination in the Z Plant Aggregate Area on humans and biota

10 (conceptual model).
11
12 The sources of potentially hazardous chemicals a d inlide identified at the Z
13 Plant Aggregate Area include process wastes, cooling water, stack releases, sewage, settling
14 tank solids, laboratory wastes, i process feed materials,an4.iAs6 radioactive mixed
15 wastes from nuclear production facilities on and off the Hanford Site That were disposed of in
16 the Solid-Waste 20OWdst Burial Grounds. The sources displayed in this figure were
17 identified from historical and current process information and from waste management unit
18 inventories, as described in Section 2. In addition to the known or suspected releases to
19 waste management units, Unplanned Releases due to spills, leaks in piping, and other
20 accidental sources have led to release of radionuclides and other chemicals to the
21 environment. Some of the Winplanned Rreleases are associated with the varieus speciric
22 waste sites, and are shown on Figure 243 4-6'asdashedIew desiats

24 The column in the Conceptual Model titled "Treatment or Disposal" is used to indicate
25 waste streams that were routed to waste management units outside of the aggregate area, and
26 waste streams that were routed through treatment tanks or settling tanks before being released
27 to units within the aggregate area. The units are grouped in the model by type, as was done
28 in Section 2.0.
29
30 Ghemieals Qontamia.nts from the sources noted on Figure 4-6 have been disposed of
31 into the waste management units under investigation. Waste site groups include retention
32 basins, seepage basins, settling tanks, trenches, cribs, Ffrench drains, reverse wells, tile
33 fields, septic tanks and drain fields, and burial grounds. The vaults and caissons which
34 comprise part of the Solid-Waste 20 ..Wes Burial Grounds were assigned to a different waste
35 site group than the burial trenches, since release mechanisms applicable to these concrete-
36 lined containment structures would be expected to be different than for the earth-lined burial
37 trenches. Each of the waste site groups represents a collection of units with similar
38 construction, waste type (i.e., solid vs. liquid) and potential release mechanisms.
39
40 From the Z Plant Aggregate Area waste management units, various release mechanisms
41 may have transported chemicals to the potentially affected media. Waste management units
42 where liquid wastes were disposed of (cribs, trenches, drain fields, retention basins) impacted
43 the vadose zone and may have impacted groundwater by infiltration of liquids through the
44 soil. Reverse wells and Ffrench drains released wastes directly to the vadose zone by
45 injection of liquids.

0b46
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1 Many waste management units discharge their waste effluents directly to the near
2 surface (vadose zone) soils. The trenches are potential release points via leaching or
3 drainage of the liquid portion of the disposed materials. The cribs provide seepage discharge
4 and similarly the Ffrench drains, reverse wells, and septic system drain fields directly inject
5 their effluents into the subsurface sediments. The W~nplanned Rieleases have mainly
6 impacted surface soils although some contamination may have also taken place on building
7 surfaces. Fugitive dust from sediment and surface soils has also been released or
8 resuspended due to wind effects or surface disturbances, and some surface soils have been
9 buried or removed to off-site disposal.

10
11 Stack releases may have led to deposition of contaminants on surface soils and
12 vegetation within and outside of the aggregate area. Ambient air quality data for the Z Plant
13 Aggregate Area is presented in Section 4.1. Due to resuspension of dust from soils within
14 and outside of the aggregate area, it is not possible to use these data to distinguish stack
15 releases from other sources of airborne contaminants.
16
17 The primary mechanisms of vertical contaminant migration is the downward movement
18 of water from the surface through the vadose zone to the unconfined aquifer. The
19 contaminants generally move as a dissolved phase in the water and their rate of migration is
20 controlled both by groundwater movement rates and by adsorption and desorption reactions
21 involving the surrounding sediments. Some contaminants are strongly sorbed on sediments
22 and their downward movement through the stratigraphic column is greatly retarded.
23 Significant lateral migration of contaminants is restricted to perched water zones and to the
24 unconfined aquifer, where water is moving laterally. Again adsorption and desorption
25 reactions may greatly retard lateral contaminant migration. Contaminants that were
26 introduced to the soil column outside of the aggregate area may migrate into the area along
27 with perched or aquifer water.
28
29 Tra-nsport of ehomnieal vapors inl the unsaturated zono has boon imnplizatod as an

>30important transport pathway in migra tion of carbon totrachiorido and othor volatile organios
31 away from soureo arceas. These vapors may then beeomo adscrbod to soils solids or
32 dissolvod in soil pare water.
33
35 ige4-s ce tcdgr jiliatr~tus trting these prpcesse.vand describing probble

contaminant is trbutions in the vadsezoned unts, he point
36 oflasegshwnbfnthis n may the subs rae/uchia;a crbsdrains, and
37 rees els ri a be exosd4tohe surface such tas at ponds, ditches. trenches orJ e: iWI2iSU SU h'ntmnans,,ris,,

38 unlne rlae wih oved sure spsSml-oa cnmnnt~ releases ,are muchi
39 des iely t imp thoe vaoezn rgroyindwater~ than large-scale releases., Thab1e

41 reach]aeigecenbugd qu ftr
42
43 This4conce tualmoehfo lqudnase Mgeent~ unitsis most applicable to
44 rioniuclide indnd on-vilatii hica tcotninantsi With regrto carbon tetrchloride,. a
45 voqatile rganic compoun& tisposed <of at several Z Plant Aggregate Area waste management
46 unt(g the 216-Z-A Tile Field an h y6Z9Tench), two conceptual models have
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7 hias d reached hce unconnd quie n Ikddpas<>eethe cabnttrclrd

10

12 Mk iad diffeetrom ths assnedth tht &JAid Wasfe
13 m 4ngmn . dry waste and heUdiposed
14 -Ate wae rna &ure&in u n and/or eneered :stru g

.. .k < 3 ...... ~15 MBUXOYrn'Tfafi i
-. o 16 fhe vados zae As a uonysrae ttontainan teleae thhs idenifri: t he
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18
19
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h20Tpres: throg 9 are d u e arti,

21 Uri primary suspetd
S 22 cotamnn% nthe areA, and 4W1knOWnvadose zone coqAmisbnt iogsde dftine

23 KrqmnpreviouA studzeL The Subsury
W 24 ;.4 r4 a$ anab heika hatisu .of arous contamniim axe eae nSdn

-25 44
26
27 n hpast rInga nplnrg~n IVe en ndcdt the 216% "T
28 &- T gth19Z - i
29 iji6S $igZs r, 4i33Z-S mi The >200, p peae Unit, (s e
30 BY gflbs Appendvc AI U M t AAMSR), the 21 '6-1i0 Poqd last andun 1980) fh

S 31 21 Z itch(ust an$ Duoca4J 98q and the,.gi.W2, 1--3A 3ZP1w24S
32 21i-W-4Cand21.8-W- BuriaUGroucds. These stdes, in o n wiffrgeophysica1
33 weR oggrng 3da. have beeh Use&I to simhrate the expected contaminan disfibi 4<bnet

34 xonparable~ Waste maaeetuisi h ln grgt ra

36 $ome ofte geera onLuson tay be drawn ftomffhes previous stdeside
37 the f9lowing:
38
39 - aiu ad*uld cotaminat' concnMtibns shou1d be expeted~ dirctiy9

40 beneath the ~~~~~matn dxscharge pito the un' s with xepto fhgl ol41 contaminants sucb 7as trhitm...

33~3

42
43 Rds sctdtt&sprad lgteall mOie than 50 t

4374 2Ay theat d ge and s6dd be at Mh ]wer
45 coucenzwatiods than those note ,eet tecnterothdicargepoint; a
46 possibl exepin in araso.pechdat

38~d'~I
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1 - *Radlonucide contaminationde ses rapidly wi depth. The highest
2 concen fiation hud ocurwithin 2 r3m( t&o 10ft):f th4y to o h
3 dsarte ntdcnetratss d be a backgrund eves at 2d mi(60
4 et p
5
6 C$ITh axiwmum lateraladibnuclide coqmiat oement tends to oqccur along
7 reeativly' impermerqb4ehrios
8
9 i RdtCuctde oninn shbuld be concentatdk fIA5-grained hoffzwns

10 copae s und jn COarse

11 gratnd hoizos hey are associatedJ w i ene-gtAinedpartiles
12
13 * Perc e ms ky t im eitely above the caliche
14 laer Wihrpdnigprhdwtrmy egnd frtm thecaliche l4yerup

16 mvtm2nt myNrMshaian
17
18 'Teclc. yers an Yprt hyi4C dhemil barrier to vertical
19 &oniani migration.
20
21 i t 6 f&concprn vedttions that tend to mimic
22 %dtonfl&d +Vaiat distribionieadose zone.
23
24 There are four exposure routes by which humans (off site and on site) and other biota
25 (plants and animals) can be exposed to these possible contaminants:
26
27 * Inhalation of airborne volatiles or fugitive dusts with adsorbed contamination-

-28

29 * Ingestion of surface water, fugitive dust, surface soils, biota (either directly or
30 through the food chain), or groundwater;

'r" 31
32 * Direct contact with the waste materials (such as those exhumed by burrowing
33 animals), contaminated surface soils, buildings, or plants;ad--
34
35 0 Direct radiation from waste materials, surface soils, building surfaces, or fugitive
36 dusts.
37
38
39 4.2.4 Characteristics of Contaminants
40
41 Table 4-13 is a list of radioactive and nonradioactive chemical substances that represent
42 candidate contaminants of potential concern for this study based on their known presence in
43 wastes, usage, disposal in waste management units, historical association, or detection in
44 environmental media at the Z Plant Aggregate Area. In addition, Table 4-13 includes
45 chemicals that have not been detected or reported in Z-Plan M> wastes or environmental
46 samples but are expected to be present (e.g., decay products of radionuclide contaminants).
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

I Table 4-14 summarizes the types of known or suspected contamination that-are thought to
2 exist at the individual waste sites. Known contaminants have been proven to exist from
3 sampling and inventory data (Tables 2-2 and 2-3). Suspected contaminants are those which
4 could occur at a site based upon histdrical practices or chemical associations. Given the
5 large number of chemicals known or suspected to be present, it is app'ropriate to focus this
6 assessment on those contaminants that pose the greatest risk to human health or the
7 environment.
8
9 The EAA Rgionfr1 gu.. (EPA 199...), as

10 saize ~in ithe Uqnford Bzsetzne Ris Asesme? e /od l: (DOE/RL 1 992b), was
12 sg n . Te

2 ibedton aminant screenig maximUm contaminant
13 a t based benchmarcoceatrappns However, coaminant
14 ttv m eiC 'b Arja,'ad
15d. T esue hathe intent of the EPA
16 g ro was
17 emp1Oyed. Thiskreqies Z PlaiAggregake Area contaminants with potential risks. to b
18 0P~x~ -~ Insp

19 > otpotentIconcrn The altoai approach4retains29 an'tmnatta s nw rsuspctedofheiig carcinogenic or toxic, tegardles of
20 qait rcnerai.
21
22 Table 4-15 lists the contaminants of concern for the Z Plant Aggregate Area. This list
23 was developed from Table 4-13 and includes only those contaminants which meet the
24 following criteria:
25

* Radionuclides that have a half-life greater than one year. ad!ionuclides .ith
A ve than e year wDlaot persist oIn the environ ent at concentratiohs

sM1ffiie nt'a Uo cotiue ooeal ik

* Radionuclides with a half-life of less than one year and are part of long-lived
decay chains that result in the building up of the short-lived radionuclide activity
to a level of 1 percent or greater of the parent radionuclide's activity within the
time period of interesA .A.... d hbtriil ,adiides are adequately denified

u i e ao eyare also identified a
conidinnt o cocr thog hs rtrl. hspo es an additidnal level
of ssrane hata'primary contaminants WilP6beadresse

* Contaminants that are known or suspected carcinogens or have a EPA non-
carcinogenic toxicity factor inat , emicA iswithknon toxiceffects but
no tbxici~tfactbrst arincluded. In sine instances the~ criferia have been
wihda~wn5 byEPA pend;~ing rviehfthe t5ox66klogcldata and'wifl be reissued
ataftr ae hmcl ihkontxct o hc toxcity factors ar~e
kresnty npt ava9lblei ncUde lad eium, keroen and trdbutytphosphatet.
and
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1 * Chemical is mobile in the environment via one of the transport pathways
2 identified in the Gqonceptual Mfiiodel.
3
4 In practice, the last riterion was not used to eliminate chemicals from the list, since
5 chemicals that are not of concern for groundwater migrationa (high Id) may be of concern for
6 airborne transport.
7
8 It should be noted that the majority of the listed chemicals and radionuclides were
9 reported disposed of in the Solid-Waste 200 M" Burial Grounds. The potential for these

10 materials to enter the environment will depend on the extent to which free liquids were co-
11 disposed in the burial areas, and the extent to which container leakage and infiltration has
12 occurred, or may occur in the future, and the potential for disruption of the soil cover.
13
14 The following characteristics will be discussed for the contaminants listed in Table 4-
15 13:

i 16
17 * Detection of contaminants in environmental mediat
18
19 * Historical association with plant activities-
20
21 * Mobilityi
22
23 a Persistencet
24
25 * Toxicity;and
26
27 * Bioaccumulation.
28

~.29 Cheomicals for which no toxicity oriteria arc availabic worn inoludod ont the list only if
30 they have Iffiewn chricti toxic offoots and arc Inown to have boon roeloasod in largo

f^31 quantitics to the onviroenmolnt. Chomnieals inoludod in this group arc:
32
33 a Lead;
34 - Dibutyl phosphate; and
35 Tributlphesphate.
36
37 4.2.4.1 Detection of Contaminants in Environmental Media. The nature and extent of
38 surface and subsurface soils, surface water, and biota contamination have not yet been
39 thereughly d a I characterized for the Z Plant Aggregate Area. All recent
40 environmental monitoring data that could be obtained for this study were reviewed and
41 summarized for each media in Section 4.1.
42
43 The most extensive monitoring data available are for groundwater. Because
44 groundwater will be evaluated in the 200 West Groundwater AAMS , it will not be
45 discussed further here. Surface soil and vegetation samples have been collected from
46 locations on a regular rectangular grid. These sampling locations do not correspond to any
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1 of the waste management units, but are intended to characterize the Z Plant Aggregate Area
2 as a whole. Air and external radiation samples have been collected at several locations
3 within or adjacent to the Z Plant Aggregate Area. These sampling locations are also not
4 located directly on any of the waste management units and therefore the sampling results
5 cannot be attributed to any particular unit.
6
7 The only routine sampling data that correspond directly to waste management units are
8 the external radiation surveys, which are performed on a regular basis. In addition, limited
9 soil sampling was performed in 1979 at the 216-Z-1A Crib, in 1981 at the 216-Z-9 Grb

10 Trench (Rai et al. 1981), and in 1983 at the 216-Z-8 French Drain during special studies of
11 radionuclide migration, and at the Solid-Waste 2Q0 Wes Burial Grounds during studies of
12 carbon tetrachloride distribution (DOE/RL 1991b). The former samples were analyzed only
13 for plutonium and americium, and the latter only for volatile organic compounds. In
14 addition, soil samples from the Solid-Waste 200 es Burial Grounds taken in 1990 were
15 analyzed for organic and inorganic constituents (Goodwin and Bjornstad 1990).

eo 16
17 4.2.4.2 Historical Association with Z Plant Aggregate Are Activities. Radionuclides
18 that are known components of Z Plant A waste streams are listed in Table 2-
19 94. This list includes chemicals known to occur in the process wastes as well as chemicals
20 that were detected at elevated levels in PFP wastewater. Since these waste streams are
21 known to have been disposed of directly to the soil column in some waste management units,

r^ 22 it is probable that the chemicals on this list have affected environmental media.
* 23

24 Radionuclides that are known to have been disposed of to Z Plant Aggregata':ea
25 waste management units in the greatest quantities, based on the WIDS data and records of
26 the Solid Waste 2OWest Burial Grounds (WHC 991a), are as follows:
27
28
29 0 * Pu
30 0 "PU
31 * 1"Cs

32 * 90Sr
33 0 3H

34 * 6Co

35 e '6Ru
36
37 Note that a complete radionuclide analysis of the -Plant PI waste streams is not
38 available, and no information was located on the composition of wastes from the 23 1-Z
39 Building. Thus, it is possible that additional radionuclides were disposed of to Z Plant
40 Aggregate Area waste management units that are not reported in the waste inventories.
41
42 Nonradioactive chemicals reportedly released into Z Plant Aggregate Area waste
43 management units in large quantities include nitric acid, nitrates, sodium, phosphate, sodium
44 hydroxide, fluorides, tributylphosphate, carbon tetrachloride, dibutyl phosphate, calcium,
45 magnesium, and iron.
46
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1 4.2.4.3 Mobility. Since most wastes at the Z Plant Aggregate Area were released directly
2 to subsurface soils via injection, infiltration, or burial, the mobility of the wastes in the
3 subsurface will determine the potential for future exposures. The mobility of the chemicals
4 listed in Table 4-13 varies widely and depends on site-specific factors as well as the intrinsic
5 properties of the eheniieal B'6iAirAdini. Th'e s -... si stratgraphy
6 da dtyyt ctors. Much of the site-specific information
7 needed to characterize mobility is not available and will need to be obtained during the RI/FS
8 process. However, it is possible to make general statements about the relative mobility of
9 the candidate chemicals of concern.

10
11 4.2.4.3.1 Transport to the Subsurface. The mobility of radionuclides and other
12 inorganic elements in groundwater depends on the chemical form and charge of the element
13 or molecule, which in turn depends on site-related factors such as the pH, redox state, and
14 ionic composition of the groundwater. Cationic species (e.g., Cd2 +, Pu4 *) generally are
15 retarded in their migration relative to groundwater to a greater extent than anionic species
16 such as nitrate (NO3). The presence in groundwater of complexing or chelating agents can
17 increase the mobility of metals by forming neutral or negatively charged compounds.
18
19 The chemical properties of radionuclides are essentially identical to the nonradioactive
20 form of the element; thus, discussions of the chemical properties affecting the transport of
21 contaminants can apply to both radionuclides and nonradioactive chemicals.
22
23 A soil-water distribution coefficient (Kd) can be used to predict mobility of inorganic
24 chemicals in the subsurface. Table 4-16 presents a summary of soil-water distribution
25 coefficients that have been developed for many of the candidate inorganic chemicals of
26 concern at the Z Plant Aggregate Area. As discussed above, the pH and ionic strength of

-o 27 the leaching medium has an impact on the absorption of inorganics to soil; thus, the listed
28 Kds valJi are valid only for a limited range of pH and waste composition. In addition, soil
29 sorption of inorganics is highly dependent on the mineral composition of the soil, the ionic

, 30 composition of the soil pore water, and other site-specific factors. Thus, a high degree of
31 uncertainty is involved with use of K. values that have not been verified by experimentation
32 with site soils.
33
34 Serne and Wood (1990) recommended Kd values for use with Hanford waste
35 assessments for a limited number of important radionuclides (Am, Cs, Co, Cu, 1, Pu, Ru,
36 Sr, and tritium) based on soil column or batch desorption studies, and have proposed
37 conservative average values for a more extensive list of elements based on a review of the
38 literature. An assumed fetrdatien K of <1 is recommended for Am, Cs, Pu, and Sr under
39 acidic conditions.
40
41 Strenge and Peterson (1989) developed default Kd values for a large number of
42 elements for use in the Multimedia Environmental Pollution Assessment System , a
43 computerized waste management unit evaluation system. The Kd values were based on
44 findings in the scientific literature, and include non-site-specific as well as Hanford Site
45 values. Values are provided for nine sets of environmental conditions: three ranges of waste
46 pH and three ranges of soil adsorbent material (sum of percent clay, organic material, and
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metal hydrous oxides). The values presented in Table 4-17 are for conditions of neutral
waste pH and less than 10 percent adsorbent material, which is likely to be most
representative of Hanford Site soils.

The mobility of inorganic species in soil can be divided roughly into three classes,
using site-specific values (Serne and Wood 1990) where available and conservative default
values otherwise: highly mobile (Kd<5), moderately mobile (5 <Kd< 100), and low
mobility (Kd> 100). Assrgnment of a. e1..m..t .& . mobiliy casist: &xact. The actal&$ttti9~fOuen~ktt9 T~ pf .enHjM

moilt o cemcl nHafodsol is i*ene barngofevrmetat factors,
tndigthe nature~ th de soil pore water (pH, ionin sttenigih,:and presence of Iiquids), the
vagence *state Sf the lmn (which depend on th~ pHind redox potentiai ofthe soi1),,an

the akep ofthesoil matnix. Slte-specfic>mobfrhies wil derrind. tr
invstiatins.Table, '41 Jist Tthe MObility classs rarking for each of the inorganic

contaminants of concern is listed belew:

Highly-mflbile (K,-<-5)

36
37
38
39
40
41
42
43
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1 The tendency of organic compounds to adsorb to the organic fraction of soils is
2 indicated by the soil-organic matter partition coefficient, K.. Partition coefficients for the
3 organic chemicals disposed of or detected at Z Plant Aggregate Area waste management units
4 are listed in Table 4-17. Chemicals with low K. values are weakly absorbed by soils and
5 will tend to migrate in the subsurface, although their rate of travel will be retarded somewhat
6 relative to the pore water or groundwater flow. Soils at the Hanford Site have very little
7 organic carbon content and thus sorption to the inorganic fraction of soils may dominate over
8 sorption to soil organic matter.
9

10 4.2.4.3.2 Transport to Air. Transprt btwein soils and air can occur i;thor y11 fugitivo dust emissions or volatilizatir s ft' f a tiia6m Waste management
12 ~ ~ V t12 units t th ,opeecnocu ymaso ao yqtransport or b~ysfugtivt dust emisions.
13 Chemicals subject to transport via airborne dust dispersion are those that are non-volatile and
14 persistent on the soil surface, including most radionuclides and inorganics, and some organics
15 such as creosote and coal tar.

0 16
17 Chemicals subject to volatilization are mostly organic compounds; however, certain of
18 the radionuclides detected at the site are subject to evaporation and could be lost from
19 shallow soils to the ambient air. The most important species in this category are 'C, 3H,
20 and 1211
21

(n 22 The tendency of an organic compound to volatilize can be predicted from its Henry's
23 law constant, Kh, a measured or calculated parameter with units of atmospheres per cubic
24 meter per mole of chemical. Henry's law constants of the candidate organic chemicals of"'25 concern are presented in Table 4-17. Compounds with a K greater than about 10- will be
26 lost rapidly to the atmosphere from surface water and shallow soils. Organic compounds that
27 fall into this class include:

-- 28
29 Benzene Hexane
30 Carbon tetrachloride Methylene chloride
31 Chlorobenzene Tetrachloroethylene
32 Chloroform Toluene
33 Cyclohexane Tributylphosphate
34 1,2-Dichloroethane 1,1, 1-Trichloroethane
35 1,2-Dichloroethylene Trichloroethylene
36 Ethylbenzene Vinyl chloride
37 Freon II Xylenes
38
39 4.2.4.4 Persistence. Once released to environmental media, the concentration of a chemical
40 may decrease because of biological or chemical transformation, radioactive decay, or the
41 intermediate transfer processes discussed above that remove the chemical from the medium
42 (e.g., volatilization to air). Radiological, chemical, and biological decay processes affecting
43 the persistence of the Z Plant Aggregate Area contaminants are discussed below.
44
45 The persistence of radionuclides depends primarily on their half-lives. A comparison
46 of the half-lives and specific activities for all radionuclides detected or disposed of at the Z
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Plant Aggregate Area is presented in Table 448 -,. This table also includes daughters of
long-lived parent radionuclides, whether or not the daughter species have been detected or
reported. The specific activity is the decay rate per unit mass, and is inversely proportional
to the half-life of the radionuclide. Half-lives for the radionuclides listed in Table 4-1.49
range from seconds to over one billion years. Also listed are the decay mechanisms of
primary concern for the radionuclide. Note that radionuclides often undergo several decay
steps in quick succession, (e.g., an alpha decay followed by release of one or more gamma
rays). The daughter products of these decays are often themselves radioactive.

Decay will occur during transport (e.g., through the vadose zone to the aquifer and
through the aquifer) and may lead to significant reductions in levels discharging to the
Columbia River. For direct exposures (e.g., to surface soils or air), the half-life of the
radionuclide is of less importance, unless the half-life is so short that the radionuclide
undergoes substantial decay between the time of disposal and release to the environment.

Nonradioactive inorganic chemicals detected at the site are generally persistent in the
environment, although they may decline in concentration due to transport processes or
change their chemical form due to chemical or biological reactions. Nitrate and sulfate
undergo chemical and biological transformations that may lead to their loss to the atmosphere
(as N2 and H2S) or incorporation into living organisms, depending on the redox environment
and microbiological communities present in the medium.

Biotransformation rates for organics vary. widely and are highly dependent on site-
specific factors such as soil moisture, redox conditions, and the presence of nutrients and of
organisms capable of degrading the compound. Ketones, such as acetone and MIBK, are
easily degraded by microorganisms in soil and thus would tend not to persist. Chlorinated
solvents (e.g., carbon tetrachloride) may undergo slow biotransformation in the subsurface
under anoxic conditions. Tetrachloroethylene and trichloroethylene may be converted to the
more toxic compound vinyl chloride under some redox conditions. Volatile aromatics such
as toluene are generally intermediate in their biodegradability between these two example
groups.

4.2.4.5 Toxicity. Contaminants may be of potential concern for impacts to human health if
they are known or suspected to have carcinogenic properties, or if they have adverse
noncarcinogenic human health effects. The toxicity characteristics of the chemicals detected

Q the epefable-niei a e t ~i~ are summarized below.

4.2.4.5.1 Radionuclides. All radionuclides are classified by EPA as known human
carcinogens based on their property of emitting ionizing radiation and on the evidence
provided by epidemiological studies of radiation-induced cancers in humans. Non-
carcinogenic health effects associated with radiation exposure include genetic and teratogenic
effects; however, these effects generally occur at higher exposure levels than those required
to induce cancer. Thus, the carcinogenic effect of radionuclides is the primary identified
health concern for these chemicals (EPAZ989).
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I Risks associated with radionuclides differ for various routes of exposure depending on
2 the type of ionizing radiation emitted. Nuclides that emit alpha or beta particles are
3 hazardous primarily if the materials are inhaled or ingested, since these particles expend their
4 energy within a short distahce after penetrating body tissues. Gamma-emitting radioisotopes
5 are of concern as both external and internal hazards. A fourth mode of radioactive decay,
6 neutron emission, is generally not of major health concern, since this mode of decay is much
7 less frequent than other decay processes. In addition to the mode of radioactive decay, the
8 degree of hazard from a particular radionuclide depends on the rate at which particles or
9 gamma radiation are released from the material.

10
11 Excess cancer risks for exposure to radionuclides by inhaling air, drinking water,
12 ingesting soil, and by external irradiation are shown in Table 4-492 . These values represent
13 the increase in probability of cancer to an individual exposed for a lifetime to a radionuclide
14 at a level of 1 pCi/m3 in air, 1 pCi/L in drinking water, I pCi/g in ingested soil, or to
15 external radiation from soil having a radionuclide content of I pCi/g (EPA 1991 a). These16 s as thesiope fabtr i(ikpr unit intake r
17 as rad heu r dyia7-rlem PA 99Ic).~"18

23
24 For those radionuclidas without EPA s191l ope factors he H rn Risk
25 A.sessmenF MhOOogy, ( E/L99bwill becbnsulted. Thisd dument' prposes to
26 00.1nsUt the EPA XRMegi4'on :: 10 s asssret saff .Or ,the ESPA.OfIc f, Raiaion rograms: to20 Reesth dess e nt (DOpE/R rooses the dose conversion factors 4 "v
21 p the International Com ission on Radiological Protection to calculate a riskA

29 HanforSie rk assssmedswftiijB pArore sIbp fard:fan wit Bselineor .R s/ik
30 25 s Assessmnt Me 'c fh idobcbikftti document (DE/Lo99b)whchinlues t oegiac26 estab~sEdAntheisk t sssses Guid~ a fohuprfn oEA f9a Radaton E go

342 Tev'hee itnfctorsop fert &risuldes arerghyeprspriona to deeoedb

29 wifhin variskd rgst bype d teHafqrmetast ei
S30

S371 nuclideg.s reta(nOd2ln the h Psludesnthe guidanse31

32 .Z.33 t(P~i
34 The unit risk factors for different radionuclides are roughly proportional to their
35 specific activities, but also incorporate factors to account for distribution of each radionuclide
36 within various body organs, the type of radiation emitted, and the length of time that the
37 nuclide is retained in the ltmgs %t.
38
39 Based on the factors listed in Table 4491, the highest risk for exposure to 1 pCi/m 3

40 in air is from plutonium, americium and uranium isotopes, which are alpha emitters. Among
41 the radionuclides detected in environmental samples at the Z Plant Aggregate Area, the
42 highest risks from ingestion of soil at I pCi/g are for 2 'Ac, 24 1Am, 243Am, 238pu, 4 Cm, and
43 13CM3 . The primary gamma-emitters are 214Bi, 60Co, 4Cs, "Cs (because of its metastable
44 decay product, lmBa), 1 Eu, and '54Eu.
45
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The standard EPA risk assessment methodology assumes that the probability of a
carcinogenic effect increases linearly with dosd at low dose levels, i.e., there is no threshold
for carcinogenic response. The EPA methodology also assumes that the combined effect of
exposure to multiple carcinogens is additive without regard to target organ or cancer
mechanism.Hwerheddierskfochmalcrigesadadnuidssud

__ s.mputed separate (EPA 19894).

4.2.4.5.2 Hazardous Chemicals. Carcinogenic and non-carcinogenic health effects
associated with chemicals known or suspected to occur within the Z Plant Aggregate Area
are summarized in Table 4-20. Theitsth1 tielth are desrnbed' in

theresecivereerecedocuments and maybe scad * t eilhrinmn or animaldaagjpq, ,pcu4atas
Helhefcswr developed accqrding ttei h fiarcystablished~ iin the Risktiassmeni

GrdancforSupr/ad (PA 989). efrences were& nutid in the folowing order
InegatdRik nfratostem, (IR S) EPA 99b), Health Effec& Assessment
Summar Tab1s(HEST) (EPA 1994a) atad o ther toxicity articles and documents.

present or detected at the Z Plant Agrgate Area Many of the chemficals that lack toxicilty
cr-iteria have ncegligile toxicity or ar-ecs -'ntients in the humflan diet

Several of the chemicals have known toxic effects but no toxicity criterion is presently
available. In some instances the criteria have been withdrawn by EPA pending review of the
toxicological data and will be reissued at a future date. Chemicals with known chrn
toxicity for which toxicity factors are presently not available include:

creosote
ethanol
Freon II (trichlorofluoromethane)
isopropanol
lead
methanol

kerosene
naphthylamine (untritiated)
tributylphosphate.

4.2.4.6 Bioaccumulation potential. Contaminants may be of concern for exposure if they
have a tendency to accumulate in plant or animal tissues at levels higher than those in the
surrounding medium (bioaccumulation) or if their levels increase at higher trophic levels in
the food chain (biomagnification). Contaminants may be bioaccumulated because of element-
specific uptake mechanisms (e.g., incorporation of strontium into bone) or by passive
partitioning into body tissue (e.g., concentration of organic chemicals in fatty tissues).



DOE/RL-91-58
Draft B

This page is intentionally left blank.

4-52



DOE/RL-91-58
Draft B

C

J.

?-F

05h tk

7_1

R,

71.
W r

. kt,;5,

A 4w

Is" 21

77-

ru:

..........

YT

iv

t , 122

S;

S.

Zone A = c700 ct/s Zone E = 22,000 to 70,000 ct/sZone B 700 to 2,200 ct/s Zone F = 70,000 to 220,000 ct/sZone C = 2,200 to 7,000 ct/s Zone G = 220,000 to 700,000 ct/s
Zone D 7,000 to 22,000 ct/s Zone H = 700,000 to 2,200,000 ct/s
9 =218-W-4C Burial Ground10 = Plutonium Finishing Plant
11 = 2702-W RMW Storage Complex
12 = 218-W-5 Burial Ground
Other numbers refer to sites outside the Z Plant Aggregate Area.Z Plant Aggregate Area is outlined in red.
The results are displayed as relative levels of man-made radionuclide activity.
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Figure 4-4. Wells in Which Carbon Tetrachloride Vapor was
Detected in the Z Plant Aggregate Area, 1991. (DOE/RL 1991b)
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Figure 4-5. Map of 1977 Plutonium Concentrations in Unsaturated Zone
1.5 m below Bottom of the 216-Z-1A Tile Field.
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Figure 4-6 Conceptual Model.
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Figure 4-7. Physical Conceptual Model of
Contaminant Distribution for
Liquid Disposal Sites.
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Point c, Release

Some contaminants may volatilize and enter the atmosphere after
release.

Wind may move contaminants laterally at the surface. For a surface
release, this may occur immediately. For subsurface releases,
contaminants must first be moved to the surface by biological activity.

The majority of contaminants are held in the vadose zone soils
immediately beneath the point of release. The highest total activities will
be immediately beneath the point of release and less mobile
contaminants such as TRUs should be restricted to this area.

Thin discontinuous aquitards may cause small perched water zones.
Some lateral migration of contaminants may occur above such a zone,
particularly if it occurs close to the point of release.

The majority of liquid travels downward through the vadose zone
carrying some more mobile contaminants such as fission products.
Contaminants may be locally concentrated in fine-grained horizons,
though at much lower concentrations than occur immediately beneath
the point of release.

The caliche layer is the most significant physical and chemical barrier to
vertical contaminant migration in the vadose zone. Perched water
zones are most likely to occur above the caliche layer and significant
lateral migration of waste water may occur.

Perched water eventually percolates through the caliche layer or passes
through gaps in the caliche and reaches the groundwater. Some of the
most mobile contaminants (tritium, cyanide, iodine, nitrates, nitrites,
fluoride) reach the groundwater and may form contaminant plumes.

Waste water from adjacent active waste management units may
remobilize contaminants in the underlying vadose zone.
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Figure 4-8. Conceptual Model of Migration Paths and Distribution
of Carbon Tetrachloride that Remains Primarily in the

Unsaturated Zone (DOE/RL 1991b).
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Figure 4-9. Conceptual Model of Migration Paths and Distribution
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Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 1 of 5)

Surface Soil Surface Vadose
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks

232-Z Incinerator - - Slightly elevated external radiation.

- - Tanks and Vaults

216-Z-8 Settling Tank - - - - s Single wall steel tank containing 1.6 kg Pu (1974).

241-Z-361 Settling Tank - -

241-Z Treatment Tank - k, r - - s See UPR-200-W-79.

Cribs and Drains
216-Z-1 & 216-Z-2 Cribs - s - - s Elevated external radiation.

216-Z-3 Crib - - - - S

216-Z-5 Crib - k - - s High cave-in potential reported.

216-Z-6 Crib - - - - s High cave-in potential reported.

216-Z-7 Crib - k - - s Elevated gamma to groundwater.

216-Z-12 Crib - - - - Elevated gamma to 8 m.

216-Z-16 Crib - - - - s

216-Z-18 Crib - - - s Elevated gamma to 9 m.

216-Z-8 French Drain - - k "Pu to 7.6 m.

216-Z-13 French Drain - - - - s Floor drainage from 291-Z Building.

216-Z-14 French Drain - - - - S Trace beta activity reported.

0
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Surface Soil Surface Vadose
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks

216-Z-15 French Drain - - - - Received Evaporative cooler water.

216-Z-1A Tile Field - s - - k Pu and Am to 30 a.

Reverse Well

216-Z-10 Reverse Well - - - s

- _ _ _Ponds, Ditches and Trenches

216-Z-4 Trench - - - - s Only used one month.

216-Z-9 Trench - k - k k Elevated gamma to more than 30 m.

216-Z-17 Trench - - - - Received laboratory waste.

Septic Taiks and Associated Drain Fields

2607-Z Septic Tank and Drain - - - - - Sanitary wastes only.
Field

2607-Z-1 Septic Tank and Drain - - - - - Sanitary wastes only.

Field

2607-WA Septic Tank and Drain - - - - - Sanitary wastes only.
Field

2607-WB Septic Tank and Drain - - - - Sanitary wastes only.
Field

2607-W-8 Septic Tank and Drain - - - - - Sanitary wastes only.

Field

T "a 1 2 ') 1f R 1 7 A M I

Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 2 of 5)
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Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 3 of 5)

Surface Soil Surface Vadose
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks

Transfer Facilities Diversion Boxes, and. Pipelines -'

241-Z-Diversion Box No. 1 - - - - s

241-Z-Diversion Box No. 2 - - - - s

231-Z-151 Sump - - - - s See UN-200-W-130

Basins

207-Z Retention Basin - - - - -

241-Z-21 Seepage Basin - k nc k - Contaminated aquatic vegetation and sediment.

Burial Sites

218-W-1 Burial Ground - k, r? - - Elevated external radiation. See UPR-200-45, UPR-
200-W-84, UPR-200-W-134.

218-W-1A Burial Ground - - -

218-W-2 Burial Ground - s - - - Elevated external radiation.

218-W-2A Burial Ground - s - k - Elevated external radiation. Contaminated
vegetation.

218-W-3 Burial Ground - - - -

218-W-3A Burial Ground - s - - - Elevated external radiation.

218-W-3AE Burial Ground - - - -

218-W-4A Burial Ground k k, r? - - s See UPR-200-W-16, UPR-200-W-26, UPR-200-W-
53, and UPR-200-W-72. Elevated external radiation.

218-W-4B Burial Ground - k - - - Small area of contaminated mulch.

S

A)

U

t0

wo



9 2 1 2 $! 1 7 6

Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 4 of 5)

Surface Soil Surface Vadose
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks

218-W4C Burial Ground - s - k - Contaminated vegetation.

218-W-5 Burial Ground -

218-W-6 Burial Ground - - - k - Proposed site. Contaminated vegetation.

218-W-11 Burial Ground - k - k - Small area of contaminated mulch

Z Plant Burn Pit - ---

Unplanned Releases

UN-200-W-11 -S - - 0

UPR-200-W-16 s r? - - - Elevated external radiation (historical).

UN-200-W-23 - s - - -
LA

UPR-200-W-26 s r? - - - Elevated external radiation (historical).

UN-200-W-44 - - - Elevated external radiation (historical).

UPR-200-W-45 k r? - -- Elevated external radiation (historicail). Ruthenium
spill affected 1,800 acres.

UPR-200-W-53 k r? - - - Elevated external radiation (historical). Ruthenium
spill affected 250 acres.

UPR-200-W-72 s r? - - - Elevated external radiation (historical).

UN-200-W-74 - r - - - Elevated external radiation (historical). 241-Z
Treatment Tank Area.

UN-200-W-75 - r - - - Elevated external radiation (historical). 241-Z
Treatment Tank Area.
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Table 4-1. Summary of Radionuclide Contamination in Various Affected Media for the Z Plant Aggregate Area. (Sheet 5 of 5)

Surface Soil Surface Vadose
Waste Management Unit Air (0 to 1 m) Water Biota Zone Remarks

UN-200-W-79 - r - - - 241-Z Treatment Tank Area.
Elevated external radiation (historical).

UPR-200-W-84 s r? - - - Elevated external radiation (historical).

UN-200-W-89 s r - - - Elevated external radiation (1985).

UN-200-W-90 s r - - - Elevated external radiation (1985).

UN-200-W-91 s r? - - - Elevated external radiation (1985).

UN-200-W-103 - r? - - s Elevated external radiation. 216-Z-18 Crib line

UN-200-W-130 - r? - - s Elevated external radiation (historical).

UN-200-W-132 - s - - s

UPR-200-W-134 nc nc - --

UPR-200-W-158 - s - - - Elevated external radiation (historical).

UN-200-W-159 -

Notes:

s Suspected contamination, based on WHC (1991a), other waste inventory data, and available sampling and analysis information.
k Known contamination based on WHC (1991a), or other source.
r Complete remediation reported.
r? Remediation attempted, effectiveness not documented.
nc No contamination indicated by the available data.
Blank entires indicate no applicable data found during document review.
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 1 of 5)

Surface Soil Surface Vadose Zone
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks

Plants, Bdings, and ,torage Areas.:

232-Z Incinerator - -

- Tank and VaI-ts
216-Z-8 Settling Tank - - s a stee

241-Z-361 Settling Tank -

241-Z Treatment Tank - k, r - - - See UPR-200-W-79

- _ _Cribs and Drains

216-Z-1 & 216-Z-2 Cribs s - - - k Caraollorie dsosaI am.

216-Z-3 Crib - - - - s Mainlinoranim.

216-Z-5 Crib - - - - sMilyiorni.

216-Z-6 Crib - - - - maina4norpanis.

216-Z-7 Crib - - - - s Mhn"inorgaaie

216-Z-12 Crib - - - -s Receivelaboratorywat .

216-Z-16 Crib -- - - s

216-Z-18 Crib s - - - k Carbon nen chlodpoaarea.

216-Z-8 French Drain - - - - s

216-Z-13 French Drain - - - - nc Floordrainagefrom291-ZBuiding.

216-Z-14 French Drain - - - - nc

216-Z-15 French Drain - - - - nc Received Eaporntivc coolrwater

0 0
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0
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 2 of 5)

Surface Soil Surface Vadose Zone
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks
216-Z-IA Tile Field s - k Carbon w lod&a ditposal

Reverst Well

216-Z-10 Reverse Well -

Ponds, Ditces, andTrenches

216-Z-4 Trench -s On d o.. oob. Reced
. .. _ __ __ _ aboratoy waste.

216-Z-9 Trench s k Carbon rerrachlord dispos1 a

216-Z-17 Trench - -sa eory

Septic Tanks and Associated Drain Fields

2607-Z Septic Tank and Drain - ne Sairae W
Field

00
2607-1 Septic Tank and Drain - nc Waste ol
Field

2607-WA Septic Tank and Drain - nc SnItaryWse On.
Field

2607-WB Septic Tank and Drain - nc Saastelon-
Field

2607-W-8 Septic Tank and Drain - nc niYw'~ l.Y
Field

Transfer Facilities, Diversion Boxes, and Pipelines

241-Z-Diversion Box No. 1 -

241-Z-Diversion Box No. 2 -
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 3 of 5)

Surface Soil Surface Vadose Zone
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks

231-Z-151 Sump - - - -

Basins

207-Z Retention Basin - - - -
216-Z-21 Seepage Basin - nc - -

-- - ___ Burial Sites

218-W-1 Burial Ground - - __.. See UPR-200S. UPR-200-W-84
UPR-200.-134

218-W-lA Burial Ground - - - -

218-W-2 Burial Ground - - -

218-W-2A Burial Ground - - - -

218-W-3 Burial Ground - - -

218-W-3A Burial Ground - - -

218-W-3AE Burial Ground - - - --- DoesrM reweie radioactive waste.

218-W-4A Burial Ground - - S.e UPR-20-W-u UPR-200-W-2. UPR-
200-W-53 and UPR-200W-72.

218-W-4B Burial Ground - -sm area or contaminated mue.

218-W-4C Burial Ground - - - -

218-W-5 Burial Ground - --

218-W-6 Burial Ground - - - - Prosd ite.

218-W-11 Burial Ground - - - - smaU area of contaminated mlch.

0
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 4 of 5)

Surface Soil Surface Vadose Zone
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks

Z Plant Burn Pit --

- J__ _nplaimed Releases

UN-200-W-11 -

UPR-200-W-16

UN-200-W-23

UPR-200-W-26

UN-200-W-44

UPR-200-W-45 - -

UPR-200-W-53 -

UPR-200-W-72 --

UN-200-W-74 -241-ZTreanenranea

UN-200-W-75 241-Z Treatment Tank Area.

UN-200-W-79 
- 4-ZTmmerTankAr.

UPR-200-W-84

UN-200-W-89

UN-200-W-90

UN-200-W-91

UN-200-W-103 - 216Z-1SCrib line.

UN-200-W-130

0 0
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0
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Table 4-2. Summary of Chemical Contamination for Various Affected Media for the Z Plant Aggregate Area. (Sheet 5 of 5)

Surface Soil Surface Vadose Zone
Waste Management Unit Air (0 to 1 m) Water Biota Soil Remarks

UN-200-W-132 - -

UPR-200-W-134 - - -

UPR-200-W-158 - -...

UN-200-W-159 - - -

Notes:

s Suspected contamination, primarily based on WHC (1991a), and other waste inventory data.
k Known contamination based on chemical analysis data, WHC (1991a), or other source.
r Complete remediation reported.
r? Remediation attempted, effectiveness not documented.
nc No contamination indicated by the available data.
- indicates no applicable data found during document review.
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 5)

Waste Inventory Surface External Biota Subsurface BoreholeDatabase Soil/Sediment Radiation Sampling Vapor/Soil GeophysicsWaste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data
Plantsi Buildngs, and Storage Areas

232-Z Incinerator R

Tank an ats
216-Z-8 Settling Tank C, R

241-Z-361 Settling Tank C, R

241-Z Treatment Tank C, R

Cribs and Drains -

216-Z-1 & 216-Z-2 Cribs C, R -R -- R
216-Z-3 Crib C, R R - R
216-Z-6 Crib C, R R R216-Z-7 Crib C, R R R
216-Z-6 Crib C, R R

216-Z-7 Crib C, R R - R
216-Z-12 Crib C, R R - R
216-Z-16 Crib R R -R
216-Z-18 Crib C, R -- R -- C R
216-Z-8 French Drain R R - R
216-Z-13 French Drain R R _
216-Z-14 French Drain R - R
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Table 4-3. 'Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 5)

Waste Inventory Surface External Biota Subsurface Borehole
Database Soil/Sediment Radiation Sampling Vapor/Soil Geophysics

Waste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data

216-Z-15 French Drain R R - -

216-Z-IA Tile Field C, R R C, R R

Reverse Well

216-Z-10 Reverse Well C, R R -

- Ponds, Ditches, and Trenches

216-Z-4 Trench R R -

216-Z-9 Trench C, R R R C, R R

216-Z-17 Trench R R -

Septic Tanks and Associated Drain Fields

2607-Z Septic Tank and Drain - - -
Field

2607-Z-1 Septic Tank and Drain - - -
Field

2607-WA Septic Tank and Drain - - - -
Field

2607-WB Septic Tank and Drain - -
Field

2607-W-8 Septic Tank and Drain - -
Field
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 5)

Waste Inventory Surface External Biota Subsurface Borehole
Database Soil/Sediment Radiation Sampling Vapor/Soil GeophysicsWaste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data

Transfer Facilities, Diversion Boxes, and Pipelines

241-Z-Diversion Box No. 1

241-Z-Diversion Box No. 2

231-Z-151 Sump

Basins ---

207-Z Retention Basin

216-Z-21 Seepage Basin R R R

Burial Sites

218-W-1 Burial Ground R R >

218-W-1A Burial Ground R R -0

218-W-2 Burial Ground R R C
218-W-2A Burial Ground R R R -

218-W-3 Burial Ground R R

218-W-3A Burial Ground R - R R
218-W-3AE Burial Ground R R C, R R
218-W-4A Burial Ground R - R

218-W-4B Burial Ground R - R - C, R R
218-W-4C Burial Ground R - -R C, R R
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 5)

Waste Inventory Surface External Biota Subsurface Borehole
Database Soil/Sediment Radiation Sampling Vapor/Soil Geophysics

Waste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data

218-W-5 Burial Ground R - - - C, R R

218-W-6 Burial Ground - - - - R

218-W-11 Burial Ground R - R R

Z Plant Burn Pit

-Unplanned. Releases

UN-200-W-11

UPR-200-W-16 - - R -

UN-200-W-23 - - R -

UPR-200-W-26 -- R - -

UN-200-W-44 R - R - -

UPR-200-W-45 R - R - -

UPR-200-W-53 R - R - --

UPR-200-W-72 R - R - -

UN-200-W-74 R - R -

UN-200-W-75 R - R -

UN-200-W-79 R - R -

UPR-200-W-84 R - R

UN-200-W-89 R - R - -

0
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Table 4-3. Types of Data for the Z Plant Aggregate Area Waste Management Units. (Sheet 5 of 5)

Waste Inventory Surface External Biota Subsurface Borehole
Database Soil/Sediment Radiation Sampling Vapor/Soil Geophysics

Waste Management Unit (WIDS) Data Monitoring Data Data Sampling Data Data

UN-200-W-90 R - R

UN-200-W-91 R - R

UN-200-W-103 R - R

UN-200-W-130 R - R

UN-200-W-132

UPR-200-W-134

UPR-200-W-158 R - R

UN-200-W-159 C

Notes:

C Nonradioactive organic or inorganic constituents
R Radiological constituents
- indicates no applicable data found during document review.
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Table 4-4. Summary of Air Sampling Results (1985 through 1989).

Notes:
Table values are averages for radionuclide concentrations in air from 1985 through 1989 in
pCi/m3 .
See Table A-3 for complete data set.
See Plate 2 for sampling locations.

4T-4

Sites

Radionuclide in pCi/m3  N165 N962 N964 N994

Strontium -90 6.55E-04 2.25E-03 7.45E-04 6.26E-05

Cesium -137 1.37E-04 5.95E-04 7.80E-05 1.70E-04

Plutonium - 239 2.37E-04 3.28E-05 2.04E-05 2.10E-06

Uranium (Total) 5.43E-05 4.73E-05 3.66E-05 2.31E-05
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet I of 6)

Radiation Survey

Smearable Radiation Type, Notes
Inspection ct/min dis/min mrem/hr Alpha in

Waste Management Unit Ref. Date dis/min

Plants, Buildings, and Storage Areas
232-Z Incinerator 2 -ow levels of a, stabilized

Tanks and Vaults
216-Z.-8 Settling Tank- I ---

241-Z-361 Settling Tank ---

241-Z Treatment Tank --

Cribs and trains
216-Z-1 & 216-Z-2 Cribs 1 Jan. 4, 1989 ND 15,000 ND 1,500 tx
216-Z-3 Crib 2 March, 1986 NA NA ND ND
216-Z-5 Crib 1 Sept. 5, 1991 NA ND NA NA Stabilized (backfilled) 9/5/91
216-Z-6 Crib 1 Aug. 13, 1991 NA -ND NA ND -

216-Z-7 Crib 1 Sept. 9, 1991 NA ND NA ND Stabilized (backfilled) 9/11/91
216-Z-12 Crib 1 July 18, 1991 NA ND ND ND -
216-Z-16 Crib 1 Feb. 28, 1991 NA ND ND NA -
216-Z-18 Crib 1 July 9, 1991 ND ND ND NA -
216-Z-8 French Drain I July 2, 1991 NA ND ND ND -
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 6)

Radiation Survey

Smearable Radiation Type, Notes
Inspection ct/min dis/min mrem/hr Alpha in

Waste Management Unit Ref. Date dis/min

216-Z-13 French Drain 1 Feb. 28, 1991 ND ND ND NA -

216-Z-14 French Drain 1 Feb. 28, 1991 NA ND ND NA -

216-Z-15 French Drain 1 Feb. 28, 1991 NA ND ND NA -

216-Z-1A Tile Field 1 Jan. 3, 1989 NA 10,000 ND 500 -

Reverse Well -- - - -

216-Z-10 Reverse Well 1 Aug. 13, 1991 - - ND NA -

.Ponds, Ditches, and Trenches

216-Z-4 Trench 1 Aug. 13, 1991 NA ND NA ND -

216-Z-9 Trench 1 July 10, 1991 NA ND ND ND -

216-Z-17 Trench 1 Aug. 13, 1991 NA ND ND ND -

Septic Tanks and Associated Drain Fields

2607-Z Septic Tank and Drain - - - - -

Field

2607-Z-1 Septic Tank and Drain -- - -- -

Field
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 6)

Radiation Survey

Smearable Radiation Ty3pe, Notes
Inspection ct/min dis/min mrem/hr Alpha in

Waste Management Unit Ref. Date dis/min
2607-WA Septic Tank and Drain -
Field

2607-WB Septic Tank and Drain -
Field

2607-W-8 Septic Tank and Drain -

Field

Transfer Facilities, Diversion Boxes. and Pipelines 0
241-Z-Diversion Box No. 1

241-Z-Diversion Box No. 2

231-Z-151 Sump ~-

Basins
207-Z Retention Basin-

216-Z-21 Seepage Basin I Jan. 25, 1989 NA 5,000 ND NA )3, Contaminated tumbleweed

Burial Sites
218-W-1 Burial Ground i Aug. 8, 1991 NA 15,000 NA NA S3 Small hot spot - topsoil
218-W-IA Burial Ground I June 19, 1991 ND ND NA NA -
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 6)

Radiation Survey

Smearable Radiation Type, Notes
Inspection ct/min dis/min mrem/hr Alpha in

Waste Management Unit Ref. Date dis/min

218-W-2 Burial Ground 1 Aug. 8, 1991 NA 15,000 NA NA 0, Small hot spot - topsoil

218-W-2A Burial Ground 1 June 6, 1991 NA 10,000 ND NA 0

218-W-3 Burial Ground 1 June 6, 1991 ND ND ND ND -

218-W-3A Burial Ground 1 Mar. 15, 1991 4,000 40,000 18 NA 0, Hot spot 1 x 1 m (3 x 3 ft)

218-W-3AE Burial Ground - - - - - -

218-W-4A Burial Ground 1 Aug. 8, 1991 NA 10,000 NA NA 0, Hot spot 7 x I an (20 x 3 ft)

218-W-4B Burial Ground 1 Aug. 8, 1991 NA ND ND NA -

218-W-4C Burial Ground - - - -

218-W-5 Burial Ground - - - - - -

218-W-6 Burial Ground - - - -

218-W-11 Burial Ground 1 Aug. 8, 1991 NA ND NA NA -

Z Plant Burn Pit - - - - -

Unplanned Releases

UN-200-W-1 2 1952 - --- - - Plutonium - levels unknown

UPR-200-W-16 2 1952 - 200,000 - - Unknown, disposed of into 218-W-4A

UN-200-W-23 2 1953 - 10,000 - - Paved, posted

A'

0
0

00
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Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 5 of 6)

Radiation Survey

Smearable Radiation Type, Notes
Inspection ct/min dis/min mrem/hr Alpha in

Waste Management Unit Ref. Date dis/min

UPR-200-W-26 2 1953 - - 2,000 - Spotty contamination with "'Ru

UN-200-W-44 2 1957 - - 2,000 - Unknown

UPR-200-W-45 2 1957 - - 1,100 - Unknown, occurred within 218-W-1

UPR-200-W-53 2 1959 - - 50 - Unknown, 250 acres, "Ru

UPR-200-W-72 2 1975 100,000 70,000 - - a, , f, waste removed, covered with clean
soil

UN-200-W-74 2 1976 - 8,000 - - a, remediated soil

UN-200-W-75 2 1975 - 40,000 - - Unknown, remediated

UN-200-W-79 2 1978 - 2,000 - - a

UPR-200-W-84 2 1980 - - 2,000 - Unknown, placed in 218-W-1

UN-200-W-89 2 Dec. 1985 - 50,000 - - a, remediated to background

UN-200-W-90 2 May, 1985 - 10,000 - - a, remediated to background

UN-200-W-91 2 Dec., 1985 - 20,000 - - a, remediated to background

UN-200-W-103 2 1971 - - - 76,000,000 a, soil excavated, covered with 2 to (6 it)
of clean soil

UN-200-W-130 2 1967 - 40,000 100 j -
500 y

UN-200-W-132 2 1956 - - - - Level not reported, remediated

S

'A
U,
(1'

00



0

Notes:
Refs: 1. WHC (1991a); 2. Z Plant Aggregate Area Radiological Surveys - Compilation
ND Measured but not detected
NA Parameter was not available (not measured) in most recent survey
ct/min Counts per minute
dis/min Disintegrations per minute
mrem/hr Millirem per hour
- indicates no applicable data found during document review

9 2 1 2 D 1he 9 

Table 4-5. Radiation and Dose Rate Surveys at the Z Plant Aggregate Area Waste Management Units. (Sheet 6 of 6)

0

Radiation Survey

Smearable Radiation Type, Notes
Inspection ct/min dis/min mrem/hr Alpha in

Waste Management Unit Ref. Date dis/min

UPR-200-W-134 2 1975 - - - - Improper drum disposal - no release

UPR-200-W-158 2 1960 1,000 - 60 - Unknown

UN-200-W-159 2 1959 - - - - Non-radioactive spill

4'

LA
-n

0

00
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Table 4-6. Results of External Radiation Monitoring: TLD Readings

Readings in mrem/yr

Location 1985 1986 1987 1988 1989 1990 Annual
Average

218-W-2A
max - - - - 124
min - - - - - 100

total - - - - - 108 108

216-Z-20
max - - - - - 116
min - - - - - 88

total - - - - - 102 102

2W2
max 160 178 131 156 - -
min 96 134 106 123 - -
total 126 152 118 133 - - 132

2W3
max 80 93 105 118 - -
min 64 65 79 90 - -

total 74 76 89 101 - - 85

2W7
max 98 118 115 136 120 -
min 69 74 91 94 60 -

total 85 93 102 110 99 - 78

2W17
max 78 96 117 117 - -

min 68 68 79 95 - -
total 73 76 95 106 - - 88

2W22
max 82 96 110 124 - -

min 66 62 68 93 - -
total 73 75 83 105 - - 84

Notes:
- indicates results not reported.
Monthly/quarterly dose rates nor
max - maximum quarterly value reported.
min - minimum quarterly value reported.
total - Annual average value reported.

malized to annual dose rate equivalent.

Data Sources: Elder et al. 1986 through 1989, Schmidt et al. 1990 and 1992.
See Plate 2 for sample locations.

4T-6
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Table 4-7. Summary of Soil Sampling Results (1985 through 1989).

Sites

Radionuclide in pCi/g 2W2 2W3 2W7 2W17 2W22 2WN

Cerium - 141 - - -5.64E-02 9.60E-03 - 3.63E-03
Cerium - 144 - - -2.48E-02 3.00E-02 - -3.37E-02
Cobalt - 58 - 1.30E-01 -6.82E-03 -6.65E-03 - -1.03E-02
Cobalt - 60 -4.60E-03 -1.50E-03 7.59E-03 -8.33E-03 9.50E-03 -3.55E-03
Cesium - 134 - 5.OOE-02 4.98E-02 3.53E-02 3.00E-02 1.13E-03
Cesium - 137 6.40E+00 1.74E+00 4.51E+00 5.40E-01 1.90E+00 1.44E-01
Europium - 152 5.90E-02 9.80E-02 7.55E-02 9.44E-02 1.42E-01 6.21E-02
Europium - 154 -2.30E-02 1.802-02 -2.90E-02 6.57E-03 1.80E-02 4.87E-03
Europium - 155 5.50E-02 2.60E-02 3.31E-02 8.80E-02 4.50E-02 3.452-02
Iodine - 129 - - -1.58E-02 1.96E+01 - -

Potassium - 40 - - 1.59E+01 1.36E+01 - 1.44E+01
Manganese - 54 1.30E-02 1.70E-02 2.07E-02 -2.69E-03 -2.40E-03 1.62E-02
Niobium - 95 3.20E-02 3.90E-03 -4.88E-02 -5.95E-02 -1.70E-02 -7.52E-02
Lead - 212 - 7.10E-01 8.09E-01 - 7.99E-01
Lead - 214 600E-01 6.20E-01 5.36E-01 5.70E-01 6.502-01 5.92E-01
Plutonium - 238 1.70E-03 1.07E-03 3.41E-03 4.50E-03 2.60E-03 6.40E-05
Plutonium - 239 7.902-01 1.80E-01 5.63E-02 1.15E-01 5.73E-02 4.60E-03
Ruthenium - 106 6.1OE-02 3.30E-01 1.442-01 6.47E-02 2.29E-01 -8.83E-02
Strontium - 90 9.10E-01 6.50E-01 4.39E-01 2.09E-01 6.33E-01 6.90E-02
Technetium - 99 - - 1.27E-01 -7.71E-02 - -
Uranium 3.002-01 3.50E-01 3.17E-01 3.27E-01 3.50E-01 3.82E-01
Zinc - 65 - 4.40E-01 -1.04E-01 -1.79E-03 - -3.62E-02
Zirconium - 95 3.70E-03 2.00E-02 -1.67E-03 1.17E-02 3.40E-02 -7.67E-03

Notes:
Table values are averages for radionuclide concentrations in soil from 1985 through 1989 in pCi/g.
- indicate radionuclide not analyzed or results not reported.
See Table A-4 for complete data set.
See Plate 2 for sample locations.

0

'73 to
'0

0
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Table 4-8. Summary of Vegetation Sampling Results (1985 through 1989).

Radionuclide

Beryllium - 7
Cerium - 141
Cobalt - 58
Cobalt - 60
Cesium - 134
Cesium - 137
Europium - 1
Europium - 1
Europium - 1
Iodine - 129
Niobium - 95
Plutonium - 2
Plutonium - 2
Ruthenium -
Ruthenium -.
Strontium - 9
Technetium -
Zinc - 65
Zirconium - 9

Notes:
Table values are averages for radionuclide concentrations in vegetation from 1985 through 1989 in pCi/g.
Blank entries indicate radionuclide not analyzed or results not reported.
See Table A-5 for complete data set.
See Plate 2 for sample location.

00

Sites

s in pCi/g 2W2 2W3 2W7 2W17 2W22

1.19E+00 2.13E+00
-1.56E-02 -6.42E-03

-5.20E-03 5.30E-03 8.02E-03 5.52E-02 6.401-03
9.60E-02 1.12E-01 1.77E-01

1.40E-01 1.84E-01 3.85E-01 9.88E-02 1.84E-01
52 1.60E-02 2.30E-02 2.72E-02 6.24E-02 -2.70E-02
54 3.50E-02 1.20E-01 2.10E-02 -1.04E-02 7.10E-03
55 1.90E-02 4.70E-04 1.04E-02 1.472-02 3.70E-02

-1.84E-02 6.07E-02
-5.40E-02 -3.60E-02 1.56E+00 1.30E+01 5.50E-02

38 -4.90E-03 1.07E-02
39 4.10E-01 5.941-02
103 1.192-01 3.23E-01 7.17E-02
106 1.04E-03 8.07E-04 1.69E-01
) 4.68E-03 2.39E-02
99 1.70E-01 8.30E-02 1.90E-01

2.88E-01
5 1.91E-01 1.66E-01

_I

U

00
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Table 4-9. Radionuclide Concentrations in Vegetation and Sediment:
216-Z-21 Seepage Basin (Sample RM30) and 216-Z-9 Trench.

216-Z-21 Seepage Basin (Sample RM30) 216-Z-9 Trench

1989 1990 1990

Aquatic
Radionuclide Vegetation Sediment Sediment Vegetation

Concentration in pCi/g

Bismuth-214 - - -

Cerium-144 - --

Cobalt-60 - --

Cesium-144 - - -

Cesium-137 0.3 0.1 1.2 <0.3

Lead-212 - - - -

Lead-214 - - - -

Plutonium-239 0.3 0.4 1.7 <0.3

Ruthenium-106 - - - -

Tin-125 - - -

Strontium-90 0.4 0.5 0.87

Thallium-208 - --

Uranium-total 7.18E-08 3.88E-07 1.40E-06 5.10E-08
in g/g

- indicates sample not analyzed, or analysis result not reported.
(1) Data for 1989 and 1990 only.

Source: Schmidt et al. 1990 and 1992.
(2) Data Available for 1990 only.

Source: Schmidt et al. 1992.
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 1 of 6)

Number of Times
Waste Management Unit Well Number Logged Inclusive Dates

Cribs aid Drains

216-Z-1 Crib 299-W18-64 3 8/63 to 9/67

299-W18-65 1 7/86

216-Z-2 Crib 299-W18-60 1 7/86

299-WT8-61 1 7/86

299-WI8-62 1 7/86

299-W18-63 1 7/86

299-W18-172 1 7/86

216-Z-3 Crib 299-W18-67 0 Not logged.

299-W18-68 0 Not logged.

299-W18-88 3 04/73 to 09/86

216-Z-5 Crib 299-W15-1 2 12/59 to 5/63

299-W15-52 0 Not Logged

299-W15-53 0 Not Logged

299-W15-54 0 Not Logged

299-W15-55 0 Not Logged

299-W15-56 0 Not Logged

299-W15-57 0 Not Logged

299-W15-58 0 Not Logged

299-W15-212 2 3/84 to 6/86

216-Z-7 Crib 299-W15-7 4 4/66 to 5/76

299-W15-62 3 05/76 to 07/86

299-W15-63 2 05/76 to 07/86

299-W15-64 3 0506 to 07/86

299-W15-76 2 05/76 to 07/86

299-WI5-77 2 05/76 to 07/86

299-W15-78 3 05/6 to 07/86

4T- 1 a
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 2 of 6)

Number of Times
Waste Management Unit. Well Number Logged Inclusive Dates

216-Z-12 Crib 299-W18-2

299-WT8-4

299-W18-5

299-W18-8

299-W18-8

299-W18-13

299-W18-14

299-W18-24

299-W18-69

299-W18-70

299-W18-71

299-W18-72

299-W18-73

299-W18-74

299-W18-75

299-W18-151

299-W18-152

299-W18-153

299-W18-154

299-W18-155

299-W18-156

299-W18-157

299-W18-162

299-W18-179

299-W18-180

299-W18-181

299-W18-182

299-W18-183

299-W18-184

7/59 to 7/87

7/59 to 7/87

7/59 to 573

2/67 to 576

2/67 to 5/76

Not logged.

Not logged.

7/87

2/67 to 2/68

Not Logged

2/70 to 08/87

573 to 8/87

5/73 to 8/87

5/73 to 8/87

7/86

7/86

7/86

7/86

7/86

7/86

Not Logged

7/86

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 3 of 6)

Number of Times
Waste Management Unit Well Number Logged Inclusive Dates

299-W18-185 0 Not logged.

299-W18-242 0 Not logged.

299-W18-243 0 Not logged.

299-W18-244 0 Not logged.

299-W18-245 0 Not logged.

216-Z-16 Crib 299-W15-10 3 2/68 to 5/76

299-W15-11 3 3/68 to 5/76

216-Z-18 Crib 299-W18-9 6 12/68 to 07/87

299-W18-10 4 12/68 to 5/76

299-W18-11 5 03/70 to 07/87

299-W18-12 3 3/70 to 576

299-W18-82 4 200 to 7/87

299-W18-83 3 170 to 7/87

299-W18-93 3 5/76 to 7/87

299-W18-94 4 5/73 to 7/87

299-W18-95 4 573 to 7/87

299-WI8-96 4 4/73 to 7/87

299-W18-97 4 5/73 to 7/87

299-W18-98 4 5/73 to 7/87

299-W18-99 3 5/73 to 7/87

216-Z-1A Tile Field 299-W18-6u 3 02/70 to 02/87

299-W18-7" 9 03/64 to 07/87

299-W18-56 3 8/63 to 573

299-W18-57 4 8/63 to 1/66

299-W18-58 4 8/63 to 9/67

299-W18-59 4 8/63 to 5/73

299-W18-66 1 7/86

299-W18-76 1 5/73

299-W18-77 0 Not logged.
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 4 of 6)

Number of Times
Waste Management Unit Well Number Logged Inclusive Dates

299-W18-78

299-W18-79

299-Wi8-80

299-W18-81

299-W18-85

299-W18-86

299-W18-87"

299-W18-89

299-W18-149

299-Wi8-150

299-W18-158

299-W18-159

299-W18-163

299-W18-164

299-W18-165

299-W18-166

299-W18-167

299-W18-168

299-W18-169

299-W18-170

299-W18-171

299-W18-173

299-W18-174

299-WIS-175

5/73

Not Logged

Not Logged

5/73

2/70 to 7/87

2/70 to 7/87

2/70 to 07/87

2/70 to 7/87

Not Logged

7/86

7/86

7/86

7/86

7/86

7/86

7/86

7/86

7/86

7/86

7/86

7/86 to 7/87

7/86

7/86

7/86

Reverse Wells

216-Z-10 Reverse Well 299-WIS-51 0 Not logged.

299-WI5-59 0 Not logged.

299-W15-60 0 Not logged.

299-W15-61 0 Not logged.
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 5 of 6)

Number of Times
Waste Management Unit Well Number Logged Inclusive Dates

Ponds, Ditches, arid Trenches.

216-Z-9 Trench 299-W15-6 6 07/59 to 03/87

299-W15-8 6 10/68 to 03/87

299-W15-9 7 02/67 to 03/87

299-W15-82 3 05/63 to 03/87

299-W15-84 4 05/63 to 03/87

299-W15-85 4 5/63 to 2/87

299-W15-86 4 05/63 to 03/87

299-W15-94 1 5/63

299-W15-95 6 05/63 to 03/87

299-W15-101 2 2/67 to 4/73

216-Z-17 Trench 299-W15-204 0 Not logged.

Transfer Facilities, Diversion Boxes, and. Pipelines

241-Z Diversion Box No. 2 299-W15-156 0 Not logged.

Basins

216-Z-21 Seepage Basin 299-WI5-208 0 Not logged.

Burial Sites

218-W-3A Burial Ground 299-W7-2 1 9/87

299-W7-3 1 10/87

299-W10-179 0 Not logged.

218-W-3AE Burial Ground 299-W6-2 1 10/87

299-W7-4 1 11/87

299-W7-5 1 11/87

299-W7-6 1 10/87

299-W7-7 1 11/89

299-W7-8 1 11/89

299-W7-10 2 1/90
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Table 4-10. Summary of Gamma-Radiation Logs Reviewed. (Sheet 6 of 6)

Number of Times
Waste Management Unit Well Number Logged Inclusive Dates

218-W-4B Burial Ground 299-W15-19 2 8/89 to 9/89

299-W1S-20 1 10/89

299-W15-23 1 01/90

218-W-4C Burial Ground 299-W15-14 0 Not logged.

299-W15-15 1 8/87

299-W15-16 1 8/87

299-W15-17 1 9/87

299-Wi5-18 1 07/87

299-W15-21 1 9/89

299-W15-24 1 12/89

299-W18-3 3 7/59 to 4/73

299-W18-21 1 7/87

299-W18-22 1 08/87

299-W18-23 1 06/87

299-W18-26 1 9/89

299-W18-84 2 2/70 to 5/73

218-W-5 Burial Ground 299-W7-1 1 7/87

299-W7-9 2 11/89 to 01/90

299-W8-1 1 7/87

299-W9-1 1 10/87

299-W10-13 1 9/87

299-WIO-14 1 10/87

218-W-6 Burial Ground 299-W6-1 3 4/58 to 4/63

218-W-11 Burial Ground 299-W15-2 4 04/58 to 11/76

299-W15-5 3 04/58 to 05/63

' Also logged by WIHC Tank Surveillance Group.
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Table 4-11. Potential for Migration of Liquid Discharges
to the Unconfined Aquifer.

Liquid Discharge Range of Soil Column Liquid Effluent Volume Potential Migration to
Source Pore Volumes in m 3

) Received in m3  Unconfined Aquifer

Cribs and Drains

216-Z-1 and 216-Z-2 220 to 660 33,700 Yes
Cribs

216-Z-3 Crib 145 to 435 178,000 Yes

216-Z-5 Crib 160 to 480 31,000 Yes

216-Z-6 Crib 180 to 540 98 No

216-Z-7 Crib 10,270 to 30,800 79,000 Yes

216-Z-12 Crib 500 to 1,500 281,000 Yes

216-Z-16 Crib 750 to 2,250 100,000 Yes

216-Z-18 Crib 3,700 to 11,340 3,860 Yeso')

216-Z-1A Tile Field 14,700 to 44,100 5,310 No 2
)

216-Z-8 French Drain 4 to 11 10 Yes")

Ponds, Ditches, and Trenches

216-Z-4 Trench 55 to 165 11 No

216-Z-9 Trench 835 to 2,505 4,090 Yes1 )

216-Z-17 Trench 1,110 to 3,330 37,000 Yes

Reverse Well

216-Z-10 Reverse Well <1 1,000 Yes

Assumptions:
" Area for infiltration equal to the dimension of the base of crib/trench/tile field
" No evapotranspiration
" No lateral flow assumed

(1) The pore volume of the soil column is roughly the same order of magnitude as the total known volume of the waste received.
Given the high permeability of the soil column, it is likely that the discharge waste volume reached the groundwater.

(2) The liquid waste discharged to the 216-Z-IA Tile Field is 12 percent of the pore volume available underlying the base of the tile
field. However, this calculation assumes that the liquid waste was discharged over the entire base of the tile field which may not
be accurate given that the waste was distributed through an array of perforated pipes.

(3) Pore volume calculation: (waste unit section area) x (nominal depth to groundwater) x (porosity). Pore volume based on
nominal depth to groundwater of 50 m (164 ft) for all waste unit structures, except 216-Z-10 Reverse Well (15 m used for depth
to groundwater from bottom of reverse well) and the 216-Z-8 French Drain (54 m used). Lower pore volume value reflects 0.10
porosity, higher pore volume reflects 0.30 porosity. Pore volume calculation does not account for the ability of the soil to retain
the liquid discharged.

(4) Liquid Effluent volumes for 216-Z-13, 216-Z-14, and 216-Z-15 French Drains not found in documents reviewed.
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Table 4-12. Carbon Tetrachloride Concentrations in Z Plant Aggregate Area
Well Soil Samples. (Sheet 1 of 2)

Depth in Meters (Feet) Concentration in
nanograms/gram

Well 299-W7-7 7.6 (5) 6.5
30.5 (100) <0.01
36.6 (120) <0.02
48.8 (160) 0.53
54.9 (180) <0.13
67.1 (220) 0.75

Well 299-W7-8 6.3 (20.5) <0.05
9.3 (30.5) <0.08

12.5 (41) <0.05
14.6 (48) <0.07-
15.3 (50) 0.09
16.8 (55) 0.09
18.9 (62) 0.07
23.8 (78) <0.07
27.5 (90) <0.06
33.6 (110) <0.06
39.7 (130) <0.06
45.8 (150) <0.05
51.9 (170) <0.07
58.0 (190) <0.11
64.1 (210) 0.30
70.2 (230) 0.36

Well 299-W7-9 12.2 (40) <0.2
31.1 (102) <0.2
56.1 (184) 0.2
67.1 (220) 12
73.2 (240) <0.08

Well 299-W7-10 24.4 (80) <0.1
48.8 (160) <0.2
61.0 (200) <0.3
67.1 (220) <0.3
73.2 (240) <0.3

Well 299-W15-19 12.2 (40) 0.55
24.4 (80) 1.4
36.6 (120) 0.56
67.1 (220) 5.8
73.2 (240) 8.1

Well 299-W15-20 6.1 (20) <0.4
24.4 (80) 3.2
54.9 (180) 9.5
67.1 (220) 0.3
73.2 (240) <0.5
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Table 4-12. Carbon Tetrachloride Concentrations
Well Soil Samples. (Sheet 2

in Z Plant Aggregate Area
of 2)

Depth in Meters (Feet) Concentration in
nanograms/gram

Well 299-W15-21 36.6 (120) 0.31
38.4 (126) 0.14
42.7 (140) 0.12
48.5 (159) 2.8
67.1(220) 6.2
70.2 (230) <0.1

Well 299-W15-23 18.3 (60) 0.2
47.3 (155) 0.5
61.0 (200) <0.1
67.1 (220) 3.8
73.2 (240) <0.1

Well 299-W18-26 39.7 (130) 0.12
54.9 (180) 2.3
67.1 (220) 2.6
73.2 (240) 4.3

Sources: Wells 299-W7-7, 299-W7-8, 299-W15-19, 299-W15-20, 299-W15-21, and 299-W18-26 from
Goodwin and Bjornstad (1990).

Well locations shown on Figure 4-3.

Note: Nanograms/gram equivalent to parts per billion.
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Table 4-13. Candidate Contaminants of Potential Concern for the
Z Plant Aggregate Area. (Sheet 1 of 2)

TRANSURANICS

Americium-241
Americium-242*
Americium-242m
Americium-243
Curium-242*
Curium-243
Curium-244
Curium-245
Einsteinium-254*
Neptunium-237
Neptunium-239
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241

URANIUM

Uranium-233
Uranium-234
Uranium-235
Uranium-236
Uranium-238

FISSION PRODUCTS

Actinium-225
Actinium-227
Aluminum-28'
Antimony-122*
Antimony-124'
Antimony-125
Antimony-126'
Barium-133
Barium-137m
Beryllium-7'
Beryllium-10
Bismuth-210
Bismuth-211
Bismuth-213
Bismuth-214
Cadmium-109
Carbon-14
Cerium-141'
Cerium-144'
Cesium-134
Cesium-137
Chlorine-36
Chromium-51'
Cobalt-57'
Cobalt-58'

Cobalt-60
Europium-152
Europium-154
Europium-155
Gadolinium-153'
Germanium-68'
Gold-195'
Iodine-123*
Iodine-125'
Iodine-129
Iodine-131'
Iron-55
Iron-59'
Krypton-85
Lead-209
Lead-210
Lead-211
Lead-212
Lead-214
Manganese-54'
Molybdenum-93
Nickel-59
Nickel-63
Niobium-91
Niobium-93m
Niobium-94
Niobium-95*
Phosphorus-32'
Polonium-210
Polonium-214
Polonium-215'
Polonium-218
Potassium-40
Promethium-147
Protactinium-231
Radium-225
Radium-226
Radium-228
Rhenium-187
Ruthenium-106
Samarium-151
Scandium-46'
Selenium-75'
Selenium-79
Silver-108'
Silver-110m'
Sodium-22
Strontium-85'
Strontium-90
Sulfur-35*
Tantalum-182
Technetium-99
Tellurium-125m

Tellurium-127
Tellurium-129m
Thallium-204
Thorium-227
Thorium-229
Thorium-230
Thorium-231
Thorium-232
Thorium-234
Thulium-170'
Tin-i 13*
Tin-123m'
Tritium
Vanadium-49*
Yttrium-88*
Yttrium-90
Zinc-65"
Zirconium-95-

METALS

Aluminum
Barium
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Magnesium
Mercury
Nickel
Silver
Zinc

OTHER
INORGANICS

Ammonia
Asbestos
Boron
Calcium
Chloride
Cyanide
Fluoride
Nitrate/Nitrite
Phosphate
Potassium
Silica
Sodium
Sulfate
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Table 4-13. Candidate Contaminants of Potential Concern for the
Z Plant Aggregate Area. (Sheet 2 of 2)

VOLATILE ORGANICS

Benzene
Butyl Acetate
Carbon tetrachloride
Chlorobenzene
Chloroform
Cyclohexane
1,2-Dichloroethane
cis/trans-1,2-Dichloroethene
Ethylbenzene
Fluoromethane
Freon II
Hexane
Methylene chloride
Methyl isobutyl ketone (MIBK)
Tetrachioroethene
Tetrahydrofuran
Toluene
Tributyl phosphate
1,1, 1-Trichloroethane
Trichloroethene
Vinyl Chloride
Xylenes

SEMIVOLATILE ORGANICS

Acetone
Acetonitrile
Coal Tars
Creosote
Cyclo hexanone
Decane
Dibutyl phosphate
Dibutyl butyl phosphonate
Ethanol
Ethanolamine
Ethylene glycol
Hexanol
Isopropanol
Kerosene
Methanol
Naphthylamine tritium
Naphthylamine
Normal paraffins
Polychlorinated biphenyls
Polyurethane
Pseudocumene (1,2,5-
trimethylbenzene)
Trioctyl phosphine

Candidate chemicals of concern are those that were reported in waste management unit inventories, detected at
elevated levels in environmental media within the aggregate area, or are expected to occur based on historical
association with waste processes.

The radionuclide has a half-life of <1 year and, if it is a daughter product, the parent has a half-life of <1 year,
or the buildup of the short-lived daughter would result in an activity of <1% of the parent radionuclide's initial
activity.

TA51S413
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Table 4-14. Summary of Known and Suspected Contamination in Each Waste Management Unit and Unplanned Release
at Z Plant Aggregate Area. (Sheet 1 of 4)

I Fission I Other Semi-
Waste Management Unit or Unplanned Release TRU Products Uranium Metals Inorganics Volatiles volatiles

Plants.Buildings and Storage Areas

232-Z Incinerator K S -
Tanks and Vaults

216-Z-8 Settling Tank K S - S S S S

241-Z-361 Settling Tank K S S S S S

241-Z Treatment Tank S S S -

-Cribs and Drains

216-Z-1 & 216-Z-2 Cribs K K K S K K S

216-Z-3 Crib K K K S K-

216-Z-5 Crib K K K S K - -

216-Z-6 Crib K K K -K

216-Z-7 Crib K K K - K -

216-Z-12 Crib K K K S K - -

216-Z-16 Crib K S K - S

216-Z-18 Crib K S - S K K K

216-Z-8 French Drain K S - S S S S

216-Z-13 French Drain S S - S S

216-Z-14 French Drain S S - - S

216-Z-15 French Drain S S - - S

216-Z-1A Tile Field K K - S K K K

Reverse Well

216-Z-10 Reverse Well K S - S K -

4'

4'

e0
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Table 4-14. Summary of Known and Suspected Contamination in Each Waste Management Unit and Unplanned Release
at Z Plant Aggregate Area. (Sheet 2 of 4)

1 Fission Other Semi-
Waste Management Unit or Unplanned Release TRU Products Uranium Metals Inorganics Volatiles volatiles

2n KPonds, Ditches, -Trenches

216-Z-4 Trench K K K - S K K

216-Z-9 Trench K K K S K K K

216-Z-17 Trench K S K FeS -

2 -Septic Tnks and Assocated Drain Fields

2607-Z Septic Tank and Drain Field -

2607-Z-1 Septic Tank and Drain Field

2607-WA Septic Tank and Drain Field

2607-WE Septic Tank and Drain Field----- 
-

2607-W-8 Septic Tank and Drain Field-------

Transfer Facilities, Diversion Boxes; and Pipelines - -

241-Z-Diversion Box No. I K K K S K K S

241-Z-Diversion Box No. 2 K K K S K

231-Z-151 Sump K K K S S -

Basins

207-Z Retention Basin S S - S _

216-Z-21 Seepage Basin S S S S S S

4'
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Table 4-14. Summary of Known and Suspected Contamination in Each Waste Management Unit and Unplanned Release
at Z Plant Aggregate Area. (Sheet 3 of 4)

Fission Other Semi-
Waste Management Unit or Unplanned Release TRU Products Uranium Metals Inorganics Volatiles volatiles

Burial Sites

218-W-1 Burial Ground K K K S S S S
218-W-IA Burial Ground K K K S S S S

218-W-2 Burial Ground K K K S S S S

218-W-2A Burial Ground S K - S S S S

218-W-3 Burial Ground K K K S S S S

218-W-3A Burial Ground K K - S S S S

218-W-3AE Burial Ground K K - S S S S

218-W-4A Burial Ground K K - S S S S

218-W-4B Burial Ground K K - K S S S

218-W-4C Burial Ground K K - S S S S

218-W-5 Burial Ground K K - K S S S

218-W-6 Burial Ground --

218-W-11 Burial Ground S K K S S S S

Z Plant Burn Pit S

,Unplanned Releases

UN-200-W-11 S S - - - -

UPR-200-W-16 S S - - - - -

UN-200-W-23 S S - - - - -

UPR-200-W-26 S S - - - - -

UN-200-W44 -S - - - - -

UPR-200-W-45 - S -

S

-4
0

0
0

00
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Table 4-14. Summary of Known and Suspected Contamination in Each Waste Management
at Z Plant Aggregate Area. (Sheet 4 of 4)

Unit and Unplanned Release

Fission Other Semi-
Waste Management Unit or Unplanned Release TRU Products Uranium Metals Inorganics Volatiles volatiles
UPR-200-W-53 S

UPR-200-W-72 S
UN-200-W-74 S S

UN-200-W-75 S S
UN-200-W-79 S S

UPR-200-W-84 S S
UN-200-W-89 S S
UN-200-W-90 S S

UN-200-W-91 S S

UN-200-W-103 S S
UN-200-W-130 S S
UN-200-W-132 S
UPR-200-W-134 S

UPR-200-W-158 S S

UN-200-W-159

Notes:

K Contamination of environmental media is known to have occurred based on waste inventory or sampling data and knowledge of
waste release mechanism.

S Contamination of environmental media is suspected to have occurred based on historical process information or indications from
nonspecific sampling data (e.g., gamma logs).

- indicates no data found in documents reviewed.

0 0

A

A
0-'

0
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Table 4-15. Contaminants of Potential Concern for the Z Plant Aggregate Area.

TRANSURANICS

Americium-241
Americium-242m
Americium-243
Curium-243
Curium-244
Curium-245
Neptunium-237
Neptunium-239
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241

URANIUM

Uranium-233
Uranium-234
Uranium-235
Uranium-236
Uranium-238

FISSION PRODUCTS

Actinium-225
Actinium-227
Antimony-125
Barium-133
Barium-137m
Beryllium-10
Bismuth-210
Bismuth-211
Bismuth-213
Bismuth-214
Cadmium-109
Carbon-14
Cesium-134
Cesium-137
Chlorine-36
Cobalt-60
Europium-152
Europium-154
Europium-155
Iodine-129
Iron-55
Krypton-85
Lead-209
Lead-210
Lead-211
Lead-214
Molybdenum-93
Nickel-59
Nickel-63
Niobium-91
Niobium-93m

Niobium-94
Polonium-210
Polonium-214
Polonium-218
Potassium-40
Promethium-147
Protactinium-231
Radium-225
Radium-226
Radium-228
Rhenium-187
Ruthenium-106
Samarium-151
Selenium-79
Sodium-22
Strontium-90
Technetium-99
Tellurium-125m
Thallium-204
Thorium-227
Thorium-229
Thorium-230
Thorium-231
Thorium-232
Thorium-234
Tritium
Yttrium-90

METALS

Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc

OTHER
INORGANICS

Asbestos
Boron
Cyanide
Fluoride
Nitrate/Nitrite

VOLATILE ORGANICS

Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform

1,2-Dichloroethane
cis/trans-1,2-Dichloroethene
Ethylbenzene
Freon II
Hexane
Methylene chloride
Methyl isobutyl ketone (MIBK)
Tetrachloroethene
Toluene
Tributyl phosphate
1,1,1-Trichloroethane
Trichloroethene
Vinyl Chloride
Xylenes

SEMIVOLATILE ORGANICS

Acetone
Acetonitrile
Creosote
Cyclohexanone
Dibutyl phosphate
Ethanol
Isopropanol
Kerosene
Methanol
Naphthylamine
Polychlorinated biphenyls
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Table 4-16.
Inorganics

Soil-Water Distribution Coefficients (Kd) for Candidate Radionuclidesa and
of Potential Concern at Z Plant Waste Management Units. (Sheet 1 of 3)

Recommended K. Conservative MEPAS Default K,
Element for Hanford Site Default K;b pH 6-9' Mobility

or (Serne and Wood (Serne and Wood 1990) (Strenge and Peterson 1989) Class
Chemical 1990) in ml/g in ml/g

in ml/g

Actinium 228 Low

Aluminum - - 35,300 Low

Americium 100 - 1,000 100 82 Low
(<1 at pH 1-3)

Antimony - 2 High

Asbestos - 100,000 Low

Barium - 50 530 Moderate

Beryllium - - 70 Moderate

Bismuth - 20 - Moderate

Boron - - 0.19 High

Cadmium - 15 14.9 Moderate

Calcium - 10 70 Moderate

Carbon ("C) --- 0 High

Cesium 200-1,000 50 51 Low
I - 200 (acidic waste)

Chloride <1 0 - High

Chromium (VI) - 0 16.8 Moderate-High

Cobalt 500 -2,000 10 1.9 Low

Copper - 15 41.9 Moderate

Cyanide --- Moderate-
Highd

Curium 100 - >2,000 100 82 Low

Europium - 50 228 Low

Fluoride - 0 High

Iodine <1 0 0 High

Iron - 20 15 Moderate

4T-16a
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Inorganics

DOE/RL-91-58
Draft B

Soil-Water Distribution Coefficients (Kd) for Candidate Radionuclides' and
of Potential Concern at Z Plant Waste Management Units. (Sheet 2 of 3)

Recommended K4  Conservative MEPAS Default 1K4
Element for Hanford Site Default K pH 6-9' Mobility

or (Serne and Wood (Serne and Wood 1990) (Strenge and Peterson 1989) Class
Chemical 1990) in m/g in mlg

in ml/g

Krypton - - 0 High

Lead 30 234 Moderate

Magnesium - - 70 Moderate

Manganese - 20 16.5 Moderate

Mercury - 322 Low

Molybdenum 0 40 High

Neptunium <1 to 5 3 3 High

Nickel 15 12.2 Moderate

Niobium - 50 Moderate

Nitrate/nitric acid - High

Phosphate 50 Moderate

Plutonium 100 - 1,000 100 10 Low
< 1 at pH1 I - 3

Polonium - 5.9 Moderate

Potassium 0 High

Promethium --- Unknown

Protactinium - 0 High

Radium - 20 24.3 Moderate

Rhenium Unknown

Ruthenium 20 - 700 274 Low-Moderate
(<2 at >1 M nitrate)

Samarium - - 228 Low

Selenium - 0 5.91 High

Silica - - 5.0 High

Silver - 20 0.4 Moderate

Sodium - 3 0 High

4T- 16b
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Table 4-16. Soil-Water Distribution Coefficients (Kd) for Candidate Radionuclides3 and
Inorganics of Potential Concern at Z Plant Waste Management Units. (Sheet 3 of 3)

Recommended Kd Conservative MEPAS Default K,
Element for Hanford Site Default V4  pH 6-9' Mobility

or (Serne and Wood (Serne and Wood 1990) (Strenge and Peterson 1989) Class
Chemical 1990) in ml/g in m/g

in ml/g

Strontium 5 - 100 10 24.3 Moderate
3 - 5 (acidic
conditions)
200 - 500

(w/phosphate or
oxalate)

Technetium 0-1 0 3 High

Thallium - 0 High

Thorium - 50 100 Moderate

Tritium 0 0 0 High

Uranium - 0 0 High

Vanadium 50 Moderate

Yttrium- 278 Low

Zinc 15 12.7 Moderate

Radionuclides with half-lives of greater than one year or short-lived products of long-lived precursors.
Average Ks for low salt and organic solutions with neutral pH.

* Default values for pH 6-9 and soil content of [clay + organic matter + metal oxyhydroxidesj < 10% (Strenge and Peterson 1989).
Cyanide mobility is highly dependent on identity of complexing agent. Simple cyanides (e.g., NaCN) are more mobile than complex
cyanides.

- Value was not provided for this element in above references.
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Molecular Water Vapor Henry's Law Soil/Organic Matter
Compound Weight Solubility Pressure Constant Partition Coef.

in g/mole in mg/liter in mm Hg in atm-m3/mo K in m/g

Acetone 58.0 miscible 270 2.1 x 10-' 2.2

Acetonitrile 41.0 miscible 7.4 4.0 x 10' 2.2

Benzene 78 1,800 95 5.6 x 104 83

Butyl acetate' 116.16 14,000 15 3.2 x 10-4 233

Caffeine' 194.19 "slightly soluble" na na na

Carbon tetrachloride 154.0 758 90 2.4 x 102 110

Chlorobenzene 112.56 470 12 3.7 x 10' 330

Chloroform (trichloromethane) 119 8,200 150 2.9 x 10' 31

Coal tars' 276 5.3 x 104 1 x 1010 7 x 10' 1,600,000

Creosote 130.0 5000 3.2 x 10' 1.1 x i0o 40

Cyclohexane 84.18 49 100 2.5 x 10- 1,700

Cyclohexanone 98.16 50,000 4.5 1.3 x 10-' 4

Decane' 142.28 0.052 1.43 na 22,200

Dibutyl butyl phosphonate' 250.36 "insoluble" na na na

Dibutyl phosphate' 210.21 "V. low" 1 na na

1,2-dichloroethane 98.96 8,500 64 9.8 x 10-4 14

1,2-dichloroethene (cis/trans) 96.94 6,300 320 6.6 x 10 59

Ethanol 46.1 miscible 59 1.2 x 10- 0.3

Ethanolamine' 61.08 miscible 0.4 4 x 10*1 5

Table 4-17. Physical/Chemical Properties of Candidate Organic Compounds of Potential Concern
at Z Plant Waste Management Units. (Sheet 1 of 3)

-.4
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Table 4-17. Physical/Chemical Properties of Candidate Organic Compounds of Potential Concern
at Z Plant Waste Management Units. (Sheet 2 of 3)

Molecular Water Vapor Henry's Law Soil/Organic Matter
Compound Weight Solubility Pressure Constant Partition Coef.

in g/mole in mg/liter in tnm Hg in atm-n 3/mo K. in ml/g

Ethylbenzene 106.17 150 7 6.4 x 10-' 1,100

Ethylene glycol 62.1 miscible 0.065 1 x 10-8 0.027

Fluoromethane na na na na na

Freon II (tichlorofluoromethane) 137.4 1,100 670 1.1 x 104 160

Hexane 86.2 19 180 1.6 4,600

Hexanol' 102.17 na 1 na na

Isopropanol 60.1 miscible 48 3.8 x 10' 0.69

Kerosened 142.2 32 0.045 2.9 x 10-4 4,500

Methanol 32.0 miscible 130 2.8 x 10-' 0.1

Methylene chloride 84.9 20,000 360 2 x 10" 8.8

Methyl isobutyl ketone (MIBK) 100.16 19,000 6 4.2 x 10 19

1-Naphthylamine 143.2 2,400 6.5 x 10'- 5.2 x 10 61

2-Naphthylamine 143.2 590 2.6 x 104 8.2 x 104 130

Normal paraffins* na "insoluble" na na na

Oil na na na na na

PCBs (average)' 328.0 0.031 7.7 x 10-' 1.1 x o10 53,000

Polyurethane na na na na na

Pseudocumene (1,2,5-trimethylbenzene) 120.2 64 1.4 na 1,600

Tetrachloroethene 165.9 150 18 2.6 x 10-2 360

U
0

U'i
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Table 4-17. Physical/Chemical Properties of Candidate Organic Compounds of Potential Concern
at Z Plant Waste Management Units. (Sheet 3 of 3)

Compound

Tetrahydrofuran

Toluene

Tributyl phosphate

1,1,1-Trichloroethane

Trichloroethene

Trioctyl phosphine

Vinyl Chloride

Xylenes (total)

Molecular

Weight
in g/mole

Water
Solubility

in mg/liter

Vapor
Pressure

in mm Hg
i i M I I .

Henry's Law
Constant

in atm-m3/mo

Soil/Organic Matter
Partition Coef.

72.1 69,000
- .1.8

92.2

266.3

1,55W 28.4
I I I

280 15 19 0-V
2.AnI ______________ - .. 6,..0

133.41

131.3

na

62.5

106.2

1,500

1,100

na

2,700

150I . I

58
9.1 x io~ 1301~ t I.

na

2,700
2706.9 x 10-j 82!

na

Sources: Strenge and Peterson 1989, except as noted in footnotes below.

Values listed in Hazardous Substance Data Base (HSDB), National Library of Medicine database (HSDB 1991).
Properties of coal tar are represented by data for indeno(1,2,3-c,d)pyrene.
Average value for all aroclor mixtures.
Value from Banerjee et al. 1980.

* Value from MacKay and Shiu 1981.
Kerosene properties are represented by 2-methyl naphthalene.

na Value not available from above sources.

29782S\TAtE.417
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370 5.1 x 104 1.8

6.4 x 10-' 300

280 15 1 9 x 10-2

120 1.4 x 10 150

9.1 x 10-, 130

82"

200 10 7.0 x 10" 240
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Table 4-18. Mobility of Inorganic Species in Soil.

Highly mobile (Kd <5)
Antimony
Boron
Carbon (as '4CO2)
Chloride
Chromium (VI)
Cyanide
Fluoride
Iodine
Krypton
Molybdenum

Moderately mobile (5 <K1 < 100)
Barium
Beryllium
Bismuth
Cadmium
Calcium
Copper
Iron
Lead
Nickel

Low mobility (Kd> 100)

Actinium
Asbestos
Americium
Cesium
Cobalt
Curium

Neptunium
Nitrate, nitrite
Potassium
Protactinium
Selenium
Sodium
Technetium
Thallium
Tritium
Uranium

Niobium
Phosphate
Potassium
Radium
Ruthenium
Silver
Strontium
Thorium
Vanadium
Zinc

Europium
Mercury
Plutonium
Samarium
Yttrium

4T-18
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Table 4-19. Radiological Properties of Candidate Radionuclides of Potential Concern
for Z Plant Waste Management Units. (Sheet 1 of 4)

Specific Radiation
Radionuclide Half-Life Activiy of

I I in Ci/g I Concern'

Ac

M2Ac

NAg

11*Ag
2sAl

24:Am

242Am

ZO Am

13Ba
37"Ba

7Be

"Be
21OBi
21IBi

213Bi

214 B
14

c
45Ca

"wCd

M"Ce
36ci

M2 Cm

243Cm

2"Cm

4sCM

Co
58co

Co
51Cr

'"Cs

10 d

21.8 yr

2.4 min

24.6 sec

2.24 min

432 yr

16 hr

152 yr

7,380 yr

30.5 sec

10.5 yr

2.6 min

53.4 d

1.6 x10' yr

5.01 d

2.13 min

45.6 min

19.9 min

5,730 yr

163.8 d

453 d

32.5 d

284.9 d
3.0 x105 yr

163.2 d

28.5 yr

18.1 yr

8,500 yr

271.8 d

70.92 d

5.3 yr

27.7 d

2.06 yr

30 yr

5.8 x 104

7.2 x 10'

2.7 x 10"

4.2 x IO'

3.0 x Io

3.4 x 100

8.1 x 10

9.7 x 10'

2.0 x 10'

1.9 x 109

2.5 x 102

5.3 x 108

3.5 x 10"

2.2 x 10-2

1.2 x 10'
4.2 x 108

1.9 x 107

4.4 x 107

4.5 x 100

1.8 x 104

2.6 x 103

2.8 x 1G4

3.2 x 10'

3.3 x 10-2

3.3 x 103

5.2 x 10'

8.1 x 101

1.7 x 10-'

8.5 x 10'

3.2 x 104

1.1 x 103

9.2 x 10'

1.3 x 1o 3

8.7 x 10'

a

'3

ly .
7a

'y

'y

a

O' *

'y*

Sa

7y

'3

13y
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Table 4-19. Radiological Properties of Candidate Radionuclides
for Z Plant Waste Management Units. (Sheet 2

of Potential Concern
of 4)

Specific Radiation
Radionuclide Halt-Life Activiy of

in Ci/g Concer'

"*Es

132Eu

'NEu

1ssEu
55Fe

9Fe

15Gd

"Ge

'H
lI

1311

K

3sKr

"Mn

"Mo

2Na
9tNb

"'Nb

Nb

9sNb

"Ni

'Np

"Np

"'Pa

"Pb

21'Pb

21 Pb
212 Pb

275 d

13.3 yr

8.8 yr

4.96 yr

2.73 yr

44.5 d

241.6 d

287 d

12.3 yr

13.2 hr

60.14 d

1.6 x107 yr

8.0 d
1.3 x10' yr

10.7 yr

312.2 d

5,300 yr

2.6 yr

10,000 yr
14.6 yr

20,300 yr
34.97 d

75,000 yr

100.1 yr
2.14 x 10' yr

2.35 d

14.3 d

32,800 yr

3.25 hr

22.3 yr

36.1 min

10.6 hr

1.9 x 103
7.7 x 102

2.7 x 102

4.6 x 102

2.5 x 10'

4.9 x 104

3.5 x 103

6.7 x 103

9.7 x 103

1.9 x 10'

1.7 x 104

1.7 x 104

1.2 x 10'

6.7 x 10''

3.9 x 102

7.7 x 103

1.1 x 10

6.3 x 103

3.9 x 10-'
2.8 x 102

1.87 x 10-'

3.9 x 104

7.6 x 104

6.2 x 10'

7.0 x 104

2.3 x 10'

2.9 x 10'
4.7 x 10-2

4.5 x 106

7.6 x 10'

2.5 x 107

1.4 x 10'
- __ ___ ___ ___,. ____ ___ ___ ___ ___I

4T-19b

a, y

y

ly

ly

'y*

j3, y'*

y

y

7
/3

/3, y

7 , y *
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Table 4-19. Radiological Properties of Candidate Radionuclides of Potential Concern
for Z Plant Waste Management Units. (Sheet 3 of 4)

Radionuclide

214Pb

"Pa
214po

215po

Pu

"Pu

2"Pu

2Ra

"Ra

& 2mRa

8tRb

"Re

wRu

"Ru

3S

'I' 'nSb

"4Sb

zSb

Sb
Sc:

"Se

nSe

"s'Sm

'Sn

'2Sr

"Sr

'KTa

Thc

12sTe

"zTe

4T-19c

Half-Life

26.8 min

2.62 yr

128 d

6 x 10 see

7.8 x 10' see

3.05 min

87.7 yr

24,400 yr

6,560 yr

14.4 yr

14.8 d

1,600 yr

5.75 yr

18.7 d

5 x 1010 yr
39.2 d

1.0 yr

875 d

2.7 d

60.2 d

2.73 yr

12.4 d

83.8 d

119.8 d

<65,000 yr

90 yr

115.1 d

129 d

25 d

28.5 yr

115 d

213,000 yr

16.8 d

58 d

Specific
Activity'
in Ci/g

3.3 x 10'

9.3 x 102

4.9 x 10'

8.8 x 104

2.9 x 10"

2.8 x tot
1.7 x 10'

6.2 x 10.2

2.3 x 10"

1.0 X 102

3.9 x 104

9.9 x 10-1

2.3 x 102

8.1 x 10 4

3.8 x 108

3.2 x 104

3.4 x 103

4.3 x 104

4.0 x 10'

1.8 x 104

1.0 x 10

8.4 x 104

3.4 x 104

1.5 x 104

7.0 x 10

2.6 x 10'

1.0 x 104

8.2 x 10'

6.4 x 104

1.4 x 102

6.3 x 10'

1.7 x 10.2

6.4 x 104

1.8 X 104

Radiation
of

Concern'

/3, 7

-a

a-

is, .y ,
0, -Y
g, y c

J3
.ya

/ 0

3, y

/,7'

/3, yo

J3

/3, 'y
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Table 4-19. Radiological Properties of Candidate Radionuclides
for Z Plant Waste Management Units. (Sheet 4

Calculated from half-life and atomic weight.
a - alpha decay; / - negative beta decay; y
Gamma radiation due to daughter product.

of Potential Concern
of 4)

- release of gamma rays.

4T-19d

Specific Radiation
Radionuclide Half-Life Activity' of

in Ci/g Concern'

Te 9.35 hr 2.6 x 106 1
"'Te 33.6 d 3.0 x 104 i, Y
Th 18.7 d 3.1 x 104

7,340 yr 2.1 x 10'

mTrh 77,000 yr 2.1 x 10 4

mm 25.5 hr 5.3 x 10'
MrTh 1.4 x 10" yr 1.1 x IV-a

24.1 d 2.3 x 10 4

3.78 yr 4.6 x 104
Il rm 128.6 d 4.3 x 10'
mU 159,000 yr 9.7 x 10-3

U 244,500 yr 6.2 x 10-
U 7.0 x10 8 yr 2.2 x 10 a y
U 2.3 X10 7 yr 6.5 x 10-1

mU 4.5 x10' yr 3.4 x 10-7
4V 330 d 8.1 x 103 y
"Y 80.3 hr 4.5 x 10' y
my 106.6 d 5.6 x 10' y

6.41 hr 5.4 x 10'

OZn 244 d 8.2 x 103 ly

9sZr 64 d 2.1 x I00

En

C'!

4X!

a'

*
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Table 4-20. Comparison of Radionuclide Relative Risks for Radionuclides of Potential
Concern at the Z Plant Aggregate Area. (Sheet 1 of 3)

Soil External
Radionuclide Half-Life Air Drinking Water Ingestion Exposure

Unit Risk Unit Risk' in Unit Risk' Unit Risk'
in (pCi/m)' (pCi/Ly' in (pCi/g)' in (pCi/g)'

ZZAc

mAc

242'Am

1Ba

"57Ba

"Be

21OBi
2'Bi4

2MBi

2"4Bi

14c

wCd

Cl

"Cm

2 5Cm

OCo

C37s

'2Eu

MEu

33Fe

10 d

21.8 yr

433 yr

152 yr

7,380 yr

10.5 yr

2.6 min

1.6 xlO' yr

5.01 d

2.13 min

45.6 min

19.9 min

5,730 yr

453 d

3.0 x10' yr

28.5 yr

18.1 yr

8,500 yr

5.3 yr

2.06 yr

30 yr

13.3 yr

8.8 yr

4.96 yr

2.73 yr

12.3 yr

1.2 x 1047

4.2 x 10-2

2.1 x 10.2

na

2.1 x 10-2

na

3 x 10 "

na

4.1 x 10

9.7 x 10-

1.6 x 10-7

1.1 x 104

3.2 x 10-9

na

na

1.6 x 102

1.4 x 10-2

na

8.1 x 101

1.4 x 10

9.6 x 10.6

6.1 x 103

7.2 x 1V-

na

na

4.0 x 10

8.7 x IV

1.8 x 1tO-

1.6 x 1047

na

1.5 x 10-1

na

1.2 x 10"0

na

9.7 x 10-

6.1 x 10"*

1.2 x 108

7.2 x 10O

4.7 x 10 8

na

na

1.2 x 10-'

1.0 x 10-1

na

7.8 x 107

2.1 x 106

1.4 x 106

1.1 X 107

1.5 x 1041

na

na

2.8 x 10-

4.6 x 10

9.5 x 10-7

8.4 x 10

na

8.1 x 10-

na

6.5 x 1012

na

5.1 x 10

3.2 x 10-"

6.2 x 10 *l

3.8 x 1010

2.5 x 109

na

na

6.2 x 10-7

5.4 x 1047

na

4.1 x 10 4

1.1 x 10-

7.6 x 10

5.7 x 109

8.1 x 109

na

na

1.5 x 10-"

9.4 x 10

1.3 x 10-'

1.6 x 10

na

3.6 x 10-'

na

3.4 x 104

na

0

2.8 x 10

8.1 x 10-'

8.0 x 10-4

0

na

na

8.2 x 10-

5.9 x 1047

na

1.3 x 103

8.9 x 104

0

6.3 x 104

6.8 x 104

na

0

4T-20a
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Table 4-20. Comparison of Radionuclide Relative Risks for Radionuclides of Potential
Concern at the Z Plant Aggregate Area. (Sheet 2 of 3)

Soil External
Radionuclide Half-Life Air Drinking Water Ingestion Exposure

Unit Risk' Unit Riskb in Unit Risk' Unit Risk'
in (pCi/m3) (pCi/L)" in (pCi/g)' in (pCi/gy'

12qI

4 0R

mKr

'Mo

22Na

91Nb

""Nb

'4Nb
59Ni

ONi

Z7Np

MNp

z'Pa

2Pb

24OPb

2"Pb

214Pb

"7pM

"Po

2,spo

25po

"8Po

"Pu

'Fu oxide

241Pu

2MpU oxide

241Pu

1.6 x10 7 yr

1.3 x10' yr

10.7 yr

5,300 yr

2.6 yr

10,000 yr

14.6 yr

20,300 yr

75,000 yr

100.1 yr

2.14 x 10' yr

2.35 d

32,800 yr

3.25 hr

22.3 yr

36.1 min

26.8 min

2.62 yr

128 d

6 x 10-5 sec

7.8 x 10' see

3.05 min

87.7 yr

24,400 yr

24,400 yr

6,560 yr

6,560 yr

14.4 yr

6.1 x 10

4.0 x 10-

na

na

na

na

an

1.1 x IV

3.5 x 10"

8.7 x 10

1.8 x 10.2

7.7 x 10-7

2.0 x 10-2

3.6 x 10'

8.7 x 104-

1.5 x 10.6

1.5 x 10'

na

8.7 x 104

1.4 x 10-u

2.9 x 1012

3.0 x 10.7

2.1 x 10.2

2.6 x 10.2

2.6 x 102

2.1 x 10-2

2.1 x 10.2

1.5 X 10-4

9.6 x 104

5.7 x Wo4

na

na

na

na

na

1.1 x 10

4.4 x 10-'

1.2 x 10 4

1.4 x 10-5

4.8 x 10'6

9.7 x 104

4.3 x 10-'

3.4 x 10-'

9.2 x 10

9.2 x 10-9

na

3.4 x io*W

5.1 x 10-"6

1.4 x 10-4

1.4 x 10-9

1.4 x 10-'

1.6 x 10"

1.6 x 106

1.6 x 10

1.6 x 106

2.5 x 10'
I __________~~~~~ ± _ _ _ _ _ _ _ _ _ _ _ _

4T-20b

5.1 x 10-

3.0 x io-,
na

na

na

na

na

5.7 x 10'9

2.3 x 1010

6.2 x 10"0

7.3 x 10-7

2.5 x 104

5.1 x 107

2.3 x 10"10

1.8 x 106

4.9 x 1010

4.9 x 1010

na

1.8 x 10'6

2.7 x 10-

7.6 x 10"

7.6 x 10-"

7.6 x 10-1

8.4 x 10'a

8.4 x 10-8

8.4 x 10-8

8.4 x 10-8

1.3 x 108

1.5 x 10-5

7.8 x 10

na

na

na

na

na

8.9 x 10-4

3.4 x 1V

0

1.8 x 10-1

1.1 x 10-4

2.0 x 10-

0

1.8 x 10-1

2.9 x 10"

1.5 x 10-

na

1.8 x 106

4.7 x 108

8.7 x 10

0

5.9 x 107

2.6 x 10-

2.6 x 10-7

5.9 x 107

5.9 x 10.7

0
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Comparison of Radionuclide Relative Risks for Radionuclides of Potential
Concern at the Z Plant Aggregate Area.

Excess
Excess
Excess

cancer
cancer
cancer

risk associated with lifetime
risk associated with lifetime
risk associated with lifetime

exposure to
exposure to
exposure to

1
1
1

(Sheet 3 of 3)

pCi/m3 (102 curies) per day in air (EPA 1991a).
pCi (10-'2 curies) per day in drinking water (EPA 1991a).
pCi/g (1042 curies/g) per day in soil (EPA 1991a).

4 Excess cancer risk associated with lifetime exposure to surface soils containing 1 pCi/g of gamma-emitting radionuclides
(EPA 1991a).

na No information available.

4T-20c

Table 4-20.

Soil External
Radionuclide Half-Life Air Drinking Water Ingestion Exposure

Unit Risk" Unit Risk' in Unit Risk' Unit Riskd
in (pCi/m3) (pCi/LY in (pCi/g)" in (pCi/g)"

uRa 14.8 d 8.2 x ioV 3.4 x 10 1.8 x 10-1 8.0 x 101

'Ra 1,600 yr 1.5 x 10' 6.1 x 10-6 3.2 x 10- 4.1 x 106

Ra 5.75 yr 3.4 x 104 5.1 x 10- 2.7 x 10-7 5.6 x 10-

'"Re 5 x 10'0 yr na na na na

"Ru 1.0 yr 2.3 x IV0 4.9 x 10" 2.6 x 10" 0

'Sb 2.73 yr na na na na

,Se <65,000 yr na na na na

"'sM 90 yr na na na na

'Sr 28.5 yr 2.8 x 10 1.7 x 10' 8.9 x 104 0

"Tc 213,000 yr 4.2 x 10' 6.6 x 10.8 3.5 x 10-' na

"Te 58 d na na na na

Th 18.72 d 2.5 x 10 2.5 x 10- 1.3 x 10- 6.6 x 10.6

Th 7,340 yr 3.9 x 10.2 2.0 x 104 1.1 x 10-' 5.8 x 10

MDTh 77,000 yr 1.6 x 10,2 1.2 x 10 6.5 x 10-8 5.9 x 10.7

Th 25.5 hr 2.5 x 10-7 2.0 x 104  1.1 x 109 1.1 x 10-

3.78 yr na na na na

M3U 159,000 yr 1.4 x 10.2 7.2 x 106 3.8 x 107 3.2 x 10'

2"u 244,500 yr 1.4 x 102 7.2 x 10-6 3.8 x 107 5.6 x 10-

BsU 7.0 x 10' yr 1.3 x 10.2 6.6 x 106 3.5 x 10- 9.7 x 10-

z6U 2.3 x 107 yr na na na na

MU 4.5 x 109 yr 1.2 x 102 6.6 x 104 3.5 x 10-7 4.5 x 101

Y 64.1 hr 2.8 x 104 1.6 x IV' 8.6 x 109 0
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Table 4-21. Potential Chronic Human Health Effects of Candidate Chemicals of
Potential Concern at the Z Plant Aggregate Area. (Sheet 1 of 3)

Tumor Site Non-carcinogenic
Chemical Inhalation Route; Oral Route Ref. Chronic Health Effects Ref.

[Weight of Evidence Group'] Inhalation Route; Oral Route

INORGANIC CHEMICALS

Aluminum

Ammonium ion

lung and mesothelioma [A];
large intestine [A]

lung [B21; total tumors [B2]

respiratory tract [BI]; NA

lung [A] - Cr(VI) only; NA

[B2]'; [B2]

respiratory tract [A]; NA

Phosphate

Potassium

Silica

Silver

Sodium

Sulfate

Uranium (soluble salts)

Zinc

1;2

1;1

1;1

I;1

1;1

2;2

decreased pulmonary function;
degrades odor, taste of water

fetotoxicity;
increased blood pressure

NA; none observed

NA; testicular atrophy

cancer proteinuria

nasal mucosa atrophy;
hepatotoxicity

NA; gastrointestinal irritation

NA; dental fluorosis

central nervous system (CNS)
effects; CNS effects

neurotoxicity; kidney effects

cancer reduced weight gain

NA; methemoglobinemia in
infants

NA; body weight loss,
nephrotoxicity

NA; anemia
I-,. I I____

4T-21a

Asbestos

Barium

Beryllium

Boron

Cadmium

Calcium

Chloride

Chromium

Copper

Fluoride

Iron

Lead

Magnesium

Mercury

Nickel

Nitrate/Nitrite
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Table 4-21. Potential Chronic Human Health Effects of Candidate Chemicals of
Potential Concern at the Z Plant Aggregate Area. (Sheet 2 of 3)

Tumorite RefNon-carcinogenic
Chemical Inhalation Route; Oral Route Ref. Chronic Health Effects Ref.

(Weight of Evidence Group'] Inhalation Route; Oral Route

ORGANIC CHEMICALS

Acetone

Acetonitrile

Benzene

Butyl Acetate

Caffeine

Carbon tetrachloride

Chlorobenzene

Chloroform

Coal tars

Creosote

Cyclohexane

Cyclohexanone

Decane

Dibutyl butyl phosphonate

Dibutyl phosphate

1,2-Dichloroethane

cis-1,2-Dichloroethene

trans-1,2-Dichloroethene

Ethanol

Ethanolamine

Ethylbenzene

Ethylene glycol

Fluoromethane

Freon II (trichlorofluoromethane)

Hexane

Hemanol

blood (leukemia, [A]; blood [A]

liver [B2]; liver [B2]

liver; kidney [B2]

lung [NA]; NA

NA [Bl]'; NA [Bl'

circulatory system [B2];
circulatory system [B2]

NA; kidney and liver effects

blood effects, hepatotoxicity;
blood effects, hepatotoxicity

NA; liver lesions

liver, kidney effects; liver, kidney

NA; liver lesions

NA; body weight loss

NA; respiratory irritation

NA; blood chemistry effects

NA; increased serum phosphatase

NA; CNS, reproductive effects

developmental toxicity; liver and
kidney

NA; mortality,liver and kidney

Elevated BON, lung lesions;
survival, histopathology

neurotoxicity; neuropathy or
testicular atrophy

4T-21b
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Table 4-21. Potential Chronic Human Health Effects of Candidate Chemicals of
Potential Concern at the Z Plant Aggregate Area. (Sheet 3 of 3)

Tumor Site Non-carcinogenic
Chemical Inhalation Route; Oral Route Ref. Chronic Health Effects Ref.

[Weight of Evidence Group'] Inhalation Route; Oral Route

Isopropanol NA; liver, kidney damage ;3

Methanol NA; blood system effects, 1;1
decreased brain weight

Methylene chloride lung, liver [B2]; liver [B2] 1;1 NA; liver toxicity 1;1

Methyl isobutyl ketone liver and kidney effects; 2;2
liver and kidney effects

Naphthylamine tritium" NA; multiple sites ;3

Normal paraffins

Polychlorinated biphenyls NA [B2]; liver [B2] 1;1

Polyurethane

Pseudocumene (1,2,5-trimethyl-
benzene)

Tetrachloroethene leukemia, liver [B2]; liver [B2] 2;2 NA; hepatotoxicity; weight gain 1;1

Tetrahydrofuran

Toluene - ! * CNS effects, eye irritation; 2;1
change in liver and kidney weights

Tributyl phosphate respiratory irritant; kidney damage 3;3

1,1,1-Trichloroethane liver toxicity; liver toxicity 2;2

Trichloroethene lung [82]; liver [B21 2;2

Trioctyl phosphine

Vinyl chloride liver [A]; lung [A] 2;2

Xylenes CNS effects, nose and throat 2;1
irritation; hyperactivity, decreased

body weight

Weight of Evidence Groups for carcinogens: A - Human carcinogen (sufficient evidence of carcinogenicity in humans); B -Probable Human
Carcinogen (B1 - limited evidence of carcinogenicity in humans; B2 - sufficient evidence of carcinogenicity in animals with inadequate or lack
of data in humans); C - Possible Human Carcinogen (limited evidence of carcinogenicity in animals and inadequate or lack of human data);
D - Not Classifiable as to Human Carcinogenicity (inadequate or no evidence).
Lead is considered by EPA to have both neurotoxic and carcinogenic effects; however, no toxicity criteria are available for lead at the present
time.
Toxic effect is considered to occur from exposure to nitrite; nitrate can be convened to nitrite in the body by intestinal bacteria.

d Toxic effect of untritiated naphthylamine.
* Dermally acting carcinogen.
NA Information not available.

Sources:
1. EPA, 1991a
2. EPA, 1991b
3. NIOSH, 1987

4T-21c
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1 5.0 EAN N NENTAL CONCER$S
2 WASTE MANAGEMtENT UcNIT SCREENING
3 PTENTMAL FOR 1:6%IAN HEALTH= UNWACT
4
5
6 This preliminary qualitative evaluation of potential human health d eid. nTirorinenta
7 concerns is intended to provide input to the Z Plant Aggregate Area waste management nit
8 recommendation process (Section 9.0). This process requires consideration of aetual-e
9 petential im ia ad gtr impacts to human health and the environment. As

10 dii..ed i...4 .estn Z atAggregate Are a te maagemnent unit data
11 arnt 4adequa to supportar evaluatin afyoteni impacts the environment. A ghg
12 irpar O he mpl e assesment Vo aggi gate area and
13 wat ttial isksthey ca not be evaluated frther s ti. 0Iogicalrisk
14 asermet x 5s d e' listing of daa usespresented i. itifie associated

da nilds daap tobe adressed u.v g The approach
16 that has been taken to identify potential health concerns related to individual waste
17 management units and unplanned releases is as follows:
18

e 19 * Contaminants of potential concern are identified for each exposure pathway that is
20 likely to occur within the Z Plant Aggregate Area. Selection of contaminants was
21 discussed in Section 4.2. Contaminants of potential concern were selected from

C 22 the list of candidate contaminants of potential concern presented in Table 4-13.
23 This table includes contaminants that are likely to be present in the environment
24 based on occurrence in the liquid process wastes that were discharged to soils,
25 contaminants that have been detected in environmental samples within the
26 aggregate area but have not been identified as components of Z Plant Aggregate
27 Area waste streams, and contaminants that are expected to be present based on
28 historical association with waste streams.
29
30 * Exposure pathways potentially applicable to individual waste management units

ON 31 are identified based on the presence of the above contaminants of potential
32 concern in wastes in the waste management units, consideration of known or
33 suspected releases from those waste management units, and the physical and
34 institutional controls affecting site access and use over the period of interest. The
35 relationships between waste management units and exposure pathways are
36 summarized in the conceptual model (Section 4.2).
37
38 * Estimates of relative hazard derived for the Z Plant Aggregate Area waste
39 management units are identified using the Comprehensive Environmental
40 Response, Compensation, and Liability Act (CERCLA) Hazard Ranking System
41 (HRS), modified Hazard Ranking System (mHRS), surface radiation survey data,
42 and by Westinghouse Hanford Conpany QA'stinghousz llanford) Environmental
43 Protection Group scoring. r i ha 4, such as rat4 df
44 as ireesi& esuts f cntiui rtesidence df
45 mt usd eausthy genra11"e'r unit-specific data that
46 af

5-1
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1 The human health concerns and various hazard ranking scores listed above are used to
2 establish whether or not a site is considered a
3 "high" priority. In the data evaluation process presented in Section 9.0, "high" priority sites
4 are evaluated for the potential implementation of an interim remedial measure (IRM).
5 "Low" priority sites are evaluated to determine what type of additional investigation is
6 necessary to establish a final remedy. Further detail is presented in Section 9.0.
7
8 The data used for this httman-health evaluation are presented in the earlier sections of
9 this report. The types of data that have been assessed include site histories and physical

10 descriptions (Section 2.0), descriptions of the physical environment of the study area (Section
11 3.0) and a summary of the available chemical and radiological data for each waste
12 management unit (Section 4.0).
13
14 The quality and sufficiency of these data are assessed in Section 8.0. This information
15 is also used to identify ...... applicable or relevant and appropriate requirements
16 (ARARs) (Section 6.0).
17
18
19 5.1 CONCEPTUAL FRAMEWORK FOR RISK-BASED SCREENING
20
21 The range of potential human health "Od""tMi exposure pathways at the Z
22 Plant Aggregate Area were summarized in Section 4.2. InL$eti9n 4he4r3e, qtjbqta
2 tsp nnentialsodiscusse and iota are included
24 r assessment bf potential ecologica riks
25 sAggreg4 ra cotainan§sis currently
26 consraijwd byt ak of d data is discussed i
27 eiion8.2.3. As asultthe risk-based screeing of wast& mnaget unit piories
28 discsse Ap this sectionpis by necessity jtmite4 to pQtenial human heath risks.

C 29
30 The EPA (1989) considers a human exposure pathway to consist of four elements: (1)
31 a source and mechanism for contaminant release, (2) a retention or transport medium (or
32 media), '3) a point of potential human contact, and (4) an exposure route (e.g., ingestion) at
33 the contact point. The probability of occurrence of these four elements, and, therefore, the
34 existence of a pathway, is dependent, in part, upon the physical and institutional controls
35 affecting site access and use. In the absence of site access controls and other land use
36 restrictions, the identified potential exposure pathways could all-be-eefpletep cg. For
37 example, it could be hypothesized that an individual could establish a residence within the
38 boundaries of the Z Plant Aggregate Area, disrupt the soil surface and contact buried
39 contamination, and drill a well and withdraw contaminated groundwater for drinking water
40 and crop irrigation. However, within the -Sffii to 4-9 -year period of interest associated
41 with identification and prioritization of remedial actions within the Z Plant Aggregate Area,
42 unrestricted access and uncontrolled disruption of buried contaminants have a negligible
43 probability of occurrence.
44
45 For the puwozz of identifying immodiato and long tcrm health hadz associatod with
46 Z Planft Aggregate Aroz waste managoment uinita, and prioritizing romodiationi ationsfo

5-2
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those units, ar s ouationa w a-e uo n o as dotorminod te be the most Ar a.pIestien f eurfa s14 "s;

*r enhlaio s v .laniliedninntts a reupn ertculatespdd

Ra W y e n Wa
m.rest sr

x ictlatiOnan f mirateionine r atuoratdneis not wiath he o pe fasuc

__~~ ffete&d tedi%

r-X AAM, n sia W hi l wo rk w tie itia s are eva su ed to a include occasionalcontact w rce iati as t contten withiburie containants will take
place whoute propemroectie meauraes

The following exposure routes are available to a worker at the Z Plant Aggregate Area:

a Ingestion of surface soils-t

w Inhalation of volatilized contaminants and resuspended particulatest

d Direct dermal contact with surface soilsj-and

r Direct exposure to radiation from surface soils and airborne resuspended
particles.

Since evaluation of migration in the saturated zone is not within the scope of a sourceasea AAMS, ingestion or contact with groundwater was not evaluated as an exposurepathway. However, since migration of waste constituents within the saturated zone will beaddressed in the 200 West Groundwater AAMS, chemicals likely to migrate to the watertable and waste management units that have a high potential to impact groundwater will beidentified.

5.2 POTENTIAL EXPOSURE SCENARIOS AND HUMAN HEALTH CONCERNS

The routes by which a Hanford Site worker could potentially be exposed tocontamination at the waste management units include ingestion, inhalation, direct contactwith soils, and direct exposure to radiation. To evaluate the potential for exposure atindividual waste management units, it is necessary to have data available for surface soils,air, and radiation. Although samples have been collected from each of these media, only theradiation survey data, and a limited number of soil samples analyzed for radionuclides andvolatiles, are specific to individual waste management units. Therefore, only pth sj
.... hexternal madiatien r*'- e6_n oe a can beevaluated with confidence at this time. Exposures byother pathways were evaluated basedon available knowledge about chemicals C, -f. kat disposed of to the waste managementunit and the engineered barriers to releases.
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1 5.2.1 External Exposure
2
3 External dose rate surveys, which are performed on a waste management unit basis,

4 were used as the measure of a unit's potential for impacting human health through direct

5 external radiation exposure. The contaminants of potential concern for this pathway are the

6 radionuclides that emit moderate to high energy penetrating gamma radiation. The .e.s.red

7 radiation doses from direct external exposure are presented in Table 5-1 from the available

8 survey data. Recent P survey data were available for only 27 of the 5366 Z Plant

9 Aggregate Area waste management units and unplanned release sites. Fe*-these Eighteen

10 units that have reeet radiation survey data,-oy- were reported as having radiation

11 detected. wV, tseb psiv detNs arerunpane relesstes thAt

12 i~WeemonitordAl atthef fth es: Radiation surveys were not available for pne

13 settling tanks, e septic tanks or tile fie:lds, reese l, re eh drains, 0nr dvraned

14 e transfer facilities, and retentin- a the seepage basins.

15
16 Westinghouse Hanford manual WHC-CM-4-10, Section 7 (WHC 1989) was used .sthe

17 ffls r s gn ia to help identify waste management units that

18 can be considered a high priority for remediation. The manual indicates that posting

19 ("Radiation Area") and access controls are to be implemented at a level of 2 mrem/hr for the

20 purpose of personnel protection. With the same objective in mind, the level of 2 mrem/hr is

21 recommended as one of the criteria for distinguishing high priority from lower priority waste

22 management units. aly ene of the regularly surveyed units J

23 exceeded4 this criterion. Dose- rates up to fS mrem/hr wre meau 21 ' 3A Slid

24 Waste BuAFlal Ground in Mlarch 1991. The area of high readings was reported-as

25 approximnately I square meter (3 feet by 3 feet). Additional readings exceeding -2 mnremf/hr

roi 26 were reported at scattered locations at this waste maagmntunt

27
-28 High levels of radiation (up to 2,000 mrem/hr) were reportedly associated with some of

,,129 the unplanned releases, as neted f at ar JUtd in Table 5-1. However, many of these

30 releases occurred in the early years of the Hanford Site and recent survey data were not

C'31 located. Some of the releases were reportedly remediated by removing contaminated soil for

32 disposal in burial grounds, paving or covering the area with soil, or flushing the soil with

33 water. The effectiveness of the various remediation measures is not known, and

34 confirmatory survey measurements were not located. Other releases conaited of 'R-

35 which has a decay haf life of about 1 yeaf, and would be largely decayed 40 years after

36 release. Thus, with the exception of those unplanned releases located within engineered

37 waste units, which are routinely surveyed, information on the current radiological status of

38 these remediated unplanned releases is lacking and is identified as a data gap in Section 8.

39
40
41 5.2.2 Ingestion of Soil or Inhalation of Fugitive Dust

42
43 Radionuclides and nonradioactive chemicals of concern for these pathways are those

44 that are non-volatile, persistent in surface soils, and have appreciable carcinogenic or toxic

45 effects by ingestion or inhalation. However, little information is available to evaluate the

46 presence of specific radionuclides or nonradioactive chemicals in surface soils. Available

5-4
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gross activity survey data for the Z Plant Aggregate Area waste management units are
provided in Table 5-1.

Westinghouse Hanford manual WG GM1 10Sa
Assrc A ry (WHC 1989) was used to set criteria for identifying waste
management units that can be considered high priority remediation sites. The manual
indicates that posting ("Surface Contamination Area") and access controls are to be
implemented at a level of 100 counts per minute (ct/min) above background beta/gamma,
and/or 20 ct/min alpha, for the purpose of personnel protection. With the same objective in
mind, the levels of 100 ct/min above background beta/gamma and 20 ct/min alpha are
recommended as two of the criteria for identification of candidate waste management units.
For those survey readings that are in units of disintegration per minute (dis/min), a
conversion will be made to ct/min assuming a detector efficiency of 10 percent.

IV 1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45. 46

on recent radiation

* 216-Z-1 and 216-Z-2 Cribs i UN29-W-23
* 216-Z-IA Tile Field e UPR-200-W-26
* 218-W-1 Burial Ground *tNl-20-W-44
* 218-W-2 Burial Ground UPR-20-W,-53

218 A Burl G d * 2UPR-200-W72
S218 W 3A Buial Grnd00W84

* 218-W-4A Burial Ground ....UN ....-9
eF 216-Z-2t Secpage Bain* UN-200-W- L3O
* PR2o0-W- *~h UPR-20-WW158.

It should be noted that these radiation readings may indicate transient conditions (e.g.,presence of contaminated vegetation) and that routine stabilization of surface contamination is
carried out under the auspices of the West-inghouse RARA program.

The Westinghouse Environmental Protection group policies state that the presence of
any smearable alpha constitutes a potential threat to human health and qualifies a waste
management unit for a high remediation priority (Huckfeldt 1991a). Measurements ofsmearable alpha were made at 10 of the -3405 waste management units surveyed, and
smearable alpha was not detected at 8 of the 10 units. Waste management units where
smearable alpha was detected are:

* 216-Z-lA Tile Field at 500 dis/min
* 216-Z-2 Crib at 1,500 dis/minm

Sampling data for contaminants in surface soils were not located for the Z Plant
Aggregate Area waste management units. Therefore, the potential for workers to be exposed
to nonradioactive chemicals via direct contact or inhalation or airborne particulates cannot be
evaluated with certainty at this time.

5-5

The following waste marfagement units exceed the criterion based
survey results:
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1 Units subject to collapse of containment structures pose a potential threat of exposure
2 by release of chemicals to surface soils. Units with high r flease p:tential based en recen
3 :::fl:f: of cave ins in:.lud: Crbs Thaith w dareikey to sf

40a r dh be s a riskf eCeasesto sraCe si, ncu

6

8 * 216-Z-5 Cribt
9 * 216-Z-6 Crib;-and

10 * 216-Z-7.
11
12 IHowever, 1341 cribs that wore constructed with wood are likely to suiffer structural
13 failure, and shculd be considered to pose a tick of releases to surfaee soil.
14
15 Units subject to wind erosion because of insufficient soil cover or erodible cover
16 materials pose a potential threat of exposure via surface soil. Wind erosion has been noted
17 as a problem in the S:lid Waste 200 West Burial Grounds, particularly at the 218-W-3 and
18 218-W-4A Burial Grounds. These units contain radionuclides that would pose a potential
19 health risk if released to the surface.
20
21 Animal burrows have been noted in a number of units, including the 216-Z-1, 216-Z-2,
22 and 216-Z-3 Cribs. Burrows and rabbit and mouse feces were also noted around the
23 perimeter of the Solid Wast 200 W&s Burial Grounds, particularly at the 218 W 3A Burial
24 Greund. To date, no contamination associated with these burrows has been detected;
25 however, disturbance of cover materials by animals could be a source of exposure in the
26 future.
27

-28

29 5.2.3 Inhalation of Volatiles
30

f 31 As summarized in Section 4. 1, the distribution of volatile organics in soils is not well-
32 defined in the Z Plant Aggregate Area. Limited sampling of soils and soil gas was
33 performed at the periphery of the 2Ot 4West Solid-Waste Burial Grounds (see Tables A-7 and
34 A-8). A number of volatile organics were detected in these samples, including carbon
35 tetrachloride and methylene chloride. These data do not indicate an overlying source of
36 these chemicals in the immediate vicinity of the soil borings. It appears from the observed
37 distribution of volatile organics, that the detections are due to the presence of a plume of
38 contaminated groundwater beneath the site. Lateral migration of chemical vapors along the
39 caliche layer may also have contributed to the detected concentrations. Waste inventories of
40 hazardous chemicals disposed of to the 00 $:e : Solid Waste Burial Ground indicate that
41 numerous volatile organics were disposed of in these waste management units, including
42 Ffreons, trichloroethane, vinyl chloride, and xylenes (Last et al. 1989). If these compounds
43 are available for volatilization from shallow buried wastes, or are contained in vapors emitted
44 from vent pipes, they would pose a potential risk of exposure to workers at the Hanford Site.
45

5-6



DOE/RL-91-58
Draft B

WI
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

- 21
22
23
24
25
26

es 27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
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Based on available knowledge about the disposal of carbon tetrachloride in Z Plant
Aggregate Area waste management units, it is likely that airborne emissions of this chemical
have occurred in the past. Whether omissions continuc to occur at level of cnelef is
unknawn.

The primary volatile radionuclide of concern disposed of in the Solid Wast
Burial Grounds was tritium. Approximately 280,000 curies of tritium (decayed through
1990) were disposed of in these units, with the majority going to the 218-W-3A Burial
Ground (Anderson et al. 1991). The mode of disposal of this material could not be
determined from available information. Exposure to tritium (as tritiated water vapor) is of
concern as is the potential for tritium release via radiolytic production of hydrogen from
aqueous radioactive wastes.

Due to the uncertainty as to whether a driving force exists for release of volatiles to the
atmosphere, none of the Z Plant Aggregate Area waste management units will be classified
as high priority based on this exposure pathway.

5.2.4 Migration to Groundwater

Risks that could potentially occur due to migration of contaminants in groundwater to
existing or potential receptors will be addressed in the 200 West Groundwater AAMS and
thus, will not be discussed in the Z Plant AAMS. However, the potential for individual
waste management units to impact groundwater has been discussed in Section 4.1.

5.3 ADDITIONAL SCREENING CRITERIA

In addition to determining human health concerns for a worker at each of the waste
management units, previously developed site ranking criteria were investigated for the
purpose of setting priorities for waste management units and unplanned releases. These
criteria are the CERCLA HRS scores assigned during preliminary assessment/site inspection
(PA/SI) activities performed for the Hanford Site (DOE/At 1988), and the rankings assigned
by the Westinghouse Hanford Environmental Protection Group to prioritize sites needing
remedial actions for radiological control (Huckfeldt 1991a).

Both of these ranking systems take into account some measure of hazard and
environmental mobility, and are thus appropriate to consider for waste unit prioritization.
The HRS ranking system evaluates sites based on their relative risk, taking into account the
population at risk, the hazard potential of the substacs at e cily a ste

40nstItent "to yn tit ... .Ertheiity, the potential for contamination of the
environment, the potential risk of fire and explosion, and the potential for i::ry exposure
associated with humans or animals that come into contact with the waste management unit
inventory. The HRS is thus appropriate to consider for screening waste management units.
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1 The PA/SI screening was performed using the EPA's HRS and M mHRS. The HRS

2 (40 CFR 300) is a site ranking methodology which was designed to determine whether sites

3 should be placed on the CERCLA NPL based on chemical contamination history. The EPA

4 has established the criteria for placement on the NPL to be a score of 28.5 or greater. TE

5 RRS<> Srierixedinthe PAS aebenrne Dcmber W14, 99O). The liRS scores

6 t ~ ~ ~6 arpony used as ayaijabXe UndicatQr ofrltv ik thr.. ,tervsinwHntipc
7 The mHRS is a ranking system developed by the Pacific Northwest

8 Laboratory (PNL) for DOE that uses the basic methodology of the JVd(p 9-emr<'99)
9 MRS; however, it more accurately predicts the impacts from radionuclides. The mHRS takes

10 into account concentration, half-life, and other chemical-specific parameters that are not

11 considered by the hturrent.r.frme eRS. The mHRS has not been

12 accepted by EPA as a ranking system.
13
14 Many of the Z Plant Aggregate Area waste management units were ranked in the

15 PA/SI using the HRS and mHRS. For those waste management units which were not ranked

16 in the PA/SI, unit type and discharge history were evaluated in comparison with ranked units

17 for the purpose of this report. If a waste management unit which has been ranked exhibits

18 similar characteristics (e.g., construction, waste type, and volume), the value for the ranked

19 unit was applied to the unit without an HRS or mHRS score. If no ranked waste

20 management units exhibit similar characteristics, then the unit was not ranked; however, a

21 high or low score was determined qualitatively through evaluation of unit configuration and

22 contamination history.
23
24 Table 5-1 lists the HRS and mHRS scores, as well as scores that were assigned for

25 unranked waste management units, based on their similarity to ranked units in terms of type,

26 construction, and quantity of waste. If no similar waste management units were available for

27 comparison, the units were not ranked but were assigned a qualitative indicator of migration

28 potential Tble- a tste Westingh i iirntal PrtetidndGriup SUCOre.A
t29 t, "I the units. A value f

30 W...s.. c entreps th i "m midm4hs gnge.
31
32 For the HRS ranking, 2430 of the 366 Z Plant Aggregate Area waste management

33 units were assigned rankings. Of the units scored, four were given a score of 28.5 or

34 greater. All other units were assigned rankings less than 2.0. The high-ranking units, and

35 their scores, are as follows:
36
37 * 216-Z-1 & 216-Z-2 Cribs 52.85
38 * 216-Z-7 Crib 50.33
39 * 216-Z-10 Reverse Well 47.81
40 * 216-Z-17 Trench 45.30
41
42 For the mHRS ranking, 224 waste management units were ranked and 3 were given a

43 score of 28.5 or greater. Scores from the mHRS were similar to the HRS scores for all

44 waste management units except the 216-Z-17 Trench, which received a mHRS score of 1.18.

45 The difference between the rankings assigned by the two systems is probably due to the fact

46 that HRS does not consider concentrations or radionuclide decay.
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Of the waste management units that were not assigned HRS or mHRS scores ii the
PA /1, five (burial grounds) were assigned scores based on similarity to scored units.
Twentythfe: units were assigned a qualitative "low" score. Eight units did not receive a
ranking, although investigated in the PA/SI, because of insufficient data. These are denoted
as "NS" "EN# according to the terminology used in the PA/SI.

5.4 SUMMARY OF HIGH PRIORITY WASTE MANAGUCNT UITS BASED O
HUMAN- HEALTH CONCERNS

The screening process was used to sort sites as either high priority or low priority.
Table 5-1 lists the Z Plant Aggregate Area waste management units that exceeded one or
more of the screening criteria identified in the preceding sections. In total, 4019 waste
management units were identified as high priority.

Reeent Rgadiation survey results (dose rate and/or contamination) were available for
3 of the 6 waste management units and unplanned releases. Ni-eteen Eigbteen were

reported as having no detectable results. Of the remaining 14- units, 8 all e ihieen had
survey results that exceeded one or more of the criteria (2 mrem/hr, 100 dis/min
beta/gamma, or 20 ct/min alpha). .... ..s howev, t......p.aneI releases had historicalsurvys ndiatin raiaton eveseceeding n or mtrebrfthe criteria with no information
to indicat remediarson had beenacxom~phished. Cwrxeot radiation levefs at these unjdlasned

For the HRS scores, 4 waste management units were given scores of 28.5 or greater.
For the mHRS, 3 units received a score of 28.5 or greater. Tvowaste managementvunitsreceived a>W'estngh .e.Eir....ntaI Pr tectin Grp cte

KREN,~sx~ X, *edti p graer. JSome of the
sites were designated as high priority for more than one of the criteria, hence only a total of
ten n waste management sites are designated high priority.
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Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 1 of 4)

Radiation Surveys Westinghouse
Waste Management Unit HRS mHRS Environmental High
or Unplanned Release Rating Rating ct/min dis/min mrem/hr Protection Priority

Group Score

Tanks and flts.

216-Z-8 Settling Tank Low Low - - - No

241-Z-361 Settling Tank Low Low - J - -1-No
Cribs Ond Drains

216-Z-1 & 216-Z-2 Cribs 52.85 57.73 ND 15,000 ND - Yes

216-Z-3 Crib 1.31 1.31 NA NA ND - No

216-Z-5 Crib 2.00 1.91 NA ND NA 7 No

216-Z-6 Crib 1.03 0.71 NA ND NA - No

216-Z-7 Crib 50.33 43.70 NA ND NA 10 Yes

216-Z-12 Crib 1.36 1.36 NA ND ND - No

216-Z-16 Crib 0.98 0.16 NA ND ND - No

216-Z-18 Crib 1.36 1.36 ND ND ND - No

216-Z-8 French Drain 1.03 0.71 NA ND ND - No

216-Z-13 French Drain Low Low ND ND ND - No

216-Z-14 French Drain Low Low NA ND ND - No

216-Z-15 French Drain Low Low NA ND ND - No

216-Z-1A Tile Field 1.09 1.09 NA 10,000 ND Yes

Reverse Well

216-Z-10 Reverse Well 47.81 32.72 NA NA ND - Yes

(lb
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Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 2 of 4)

Radiation Surveys Westinghouse
Waste Management Unit HRS mHRS Environmental High
or Unplanned Release Rating Rating ct/min dis/min mrem/hr Protection Priority

Group Score

Podig, Ditches; andTrncbes

216-Z-4 Trench 1.03 0.82 NA ND NA - No

216-Z-9 Trench 2.27 2.27 NA ND ND No

216-Z-17 Trench 45.30 1.18 NA ND ND Yes

- Septic Tanks andAssociaked Drain Fields

2607-Z Septic Tank and Drain Field Low Low - - - No

2607-Z-1 Septic Tank and Drain Field Low Low - - - - No

2607-WA Septic Tank and Drain Field Low Low - - - - No

2607-WB Septic Tank and Drain Field Low Low - - - No

2607-W-8 Septic Tank and Drain Field Low Low - - - No

Trarisfer Faci siie& Diversin Boxes and Pipelines

241-Z Diversion Box No. I Low Low - - - No

241-Z Diversion Box No. 2 Low Low - - - - No

231-Z-151 Sump Low Low - - - No

Basins

241-Z Retention Basin 1.03 - - - - No

216-Z-21 Seepage Basin Low Low NA 5,000 NA Yes

Burial Sites

218-W-1 0.70 0.50 NA 15,000 NA Yes

-LA

0r

0

0
0

00



z 2 I 2 A

Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 3 of 4)

Radiation Surveys Westinghouse
Waste Management Unit HRS mHRS Environmental High
or Unplanned Release Rating Rating ct/min dis/min mrem/hr Protection Priority

Group Score

218-W-IA 0.70 0.90 ND ND NA - No

218-W-2 0.70 0.80 NA 15,000 NA - Yes

218-W-3 0.70 0.50 ND ND ND - No

218-W-3AE 0.90 0.90' - - - - No

218-W-4A 0.70 0.90 NA 10,000 NA - Yes

218-W-11 ENS - NA ND NA - No

Burn Pit 0.00 0.00 - - - - No

Unplanned Releases

UN-200-W-11 ENS - - No

UPR-200-W-16 ENS - - 200,000 - - Yes

UN-200-W-23 0.90 - - 10,000 - - Yes

UPR-200-W-26 Low - - - 2,000 - Yes

UN-200-W-44 0.90 - - - 2,000 - Yes

UPR-200-W-53 Low - - - 50 - Yes

UPR-200-W-72 ENS - 100,000 70,000 - - Yes

UPR-200-W-84 ENS - - - 2,000 - Yes

UN-200-W-89 Low - - 50,000 - - Nod

UN-200-W-90 Low - - 10,000 - - Nod

UN-200-W-91 ENS - - 20,000 - - Yes

LI'

S
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Table 5-1. Identification of High Priority Waste Management Units for the Z Plant Aggregate Area. (Sheet 4 of 4)

Radiation Surveys Westinghouse
Waste Management Unit HRS mHRS Environmental High
or Unplanned Release Rating Rating ct/min dis/min mrem/hr Protection Priority

Group Score

UN-200-W-103 1.04 - - - - - No

UN-200-W-130 ENS - - 40,000 600 - Yes

UPR-200-W-134 ENS - - - - - No

UPR-200-W-158 0.82 - 1,000 - 60 - Yes

UN-200-W-159 Low - - - - - No

Notes:
ENS - Waste management unit was not scored in the PA/SI because insufficient information on the release was available.
- - Waste management unit was not assigned an mHRS score or no radiation survey was performed.
NA - Radiation was monitored at this waste management unit but survey data was not located for this type of radiation.
ND - Radiation was monitored but not detected at this waste management unit.
ct/min - counts per minute.
dis/min -. disintegrations per minute.
mrem/hr - millirem per hour.

If no mHRS or HRS score was available and waste management unit could not be scored based on similarity to other
units, a qualitative ranking was developed for this report. An assigned score of "high" is equivalent to t28.5, "low" is <28.5.

b Unit was stabilized in September 1991 by RARA Program.
C Waste management unit was assigned a score based on similarity to other units.
d Historical information indicates that the release was remediated to background (Table 2-6).

LA
In.
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1 6.0 IDENTIICATION OF POTENTIALLY APPLICABLE OR RELEVANT
2 AND APPROPRIATE REQUIREMENTS
3 FOR ThE Z PLANT AGGREGATE AREA
4
5
6 6.1 INTRODUCTION
7
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10
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The Superfund Amendments and Reauthorization Act (SARA) of 1986 amended
CERCLA to require that all ARARs be employed during implementation of a hazardous
waste site cleanup. "Applicable" requirements are defined by the EPA in "CERCLA
Compliance with Other Laws Manual" (OSWER Directive 9234.1-01, August 8, 1988) as:

cleanup standards, standards of control, and other substantive environmental protection
requirements, criteria, or limitations promulgated under federal or state law that
specifically address a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at a CERCLA site.

A separate set of "relevant and appropriate" requirements that must be evaluated
include:

cleanup standards, standards of control, and other substantive environmental protection
requirements, criteria, or limitations promulgated under federal or state law that while
not "applicable" to a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that their use is well
suited to the particular site.

"To-be-Considered Materials" (TBCs) are nonpromulgated advisories or guidance
issued by federal or state governments that are not legally binding and do not have the status
of potential ARARs. However, in many circumstances, TBCs will be considered along with

ARARs and may be used in determining the necessary level of cleanup for
protection of health or the environment.

The following sections identify p-TAifq- ARARs to be used in developing and assessing
various remedial action alternatives at the Z Plant Aggregate Area. Specific requirements
pertaining to hazardous and radiological waste management, remediation of contaminated
soils, surface water protection, and air quality will be discussed.

The poteNtI ARARs focus on federal or state statutes, regulations, criteria, and
guidelines. ARARs also include DOE Orders that carry out authority granted to the EPA by
the Atomic Energy Act. All DOE Orders are potentially applicable to operations at the Z
Plant Aggregate Area and are legally enforceable against contractors and subcontractors.
The DOE Orders specifically related to remedial actions are discussed in the following
sections. A complete list of all DOE Orders is included as Appendix A.



DOE/RL-91-58
Draft B

1 The specific types of ARARs evaluated include:
2
3 * Contaminant-specifict
4
5 * Location-specific-and
6
7 * Action-specific.
8
9 P.te.tfa Gontaminant-specific ARARs are usually health or risk-based numerical

10 values or methodologies that, when applied to site-specific conditions, result in the
11 establishment of numerical contaminant values that are generally recognized by the regulatory
12 agencies as allowable to protect human health and the environment. In the case of the Z
13 Plant Aggregate Area, '6 contaminant-specific ARARs address chemical constituents
14 and/or radionuclides. The potential contaminant-specific ARARs that were evaluated for the
15 Z Plant Aggregate Area are discussed in Section 6.2.

- 16
17 PTenltiocation-specific ARARs are restrictions placed on the concentration of
18 hazardous substances, or the conduct of activities, solely because they occur in specific
19 locations. The poteni location-specific ARARs that were evaluated for the Z Plant
20 Aggregate Area are discussed in Section 6.3.
21

co 22 P Mi Action-specific ARARs apply to particular remediation methods and
23 technologies, and are evaluated during the detailed screening and evaluation of remediation
24 alternatives. The potential action-specific ARARs that were evaluated for the Z Plant
25 Aggregate Area are discussed in Section 6.4.
26
27 The TBC requirements are other fXai nd t criteria, advisories, and regulatory

-28 guidance that are not yrb]ulgate euations, but are to be considered in
29 evaluating alternatives. Poteiai TBCs inaude dO d that aryi 'th authr~rity granted
30 d A appicable to operations at
31 h Z Spefic TBC requirements are discussed in Section 6.5.
32
33 Potential contaminant- and location-specific ARARs will be refined during the AAMS
34 process. Potential action-specific ARARs are briefly discussed in this section, and will be
35 further evaluated upon final selection of remedial alternatives. The points at which these
36 p n ARARs must be achieved and the timing of the ARARs evaluations are discussed in
37 Sections 6.6 and 6.7, respectively.
38
39
40 6.2 CONTAMINANT-SPECIFIC REQUIREMENTS
41
42 A contaminant-specific requirement sets concentration limits in various environmental
43 media for specific hazardous substances, pollutants, or contaminants. Based on available
44 information, some of the currently known or suspected contaminants that may be present in
45 the Z Plant Aggregate Area are outlined in Table 4-15. The currently identified potential
46 federal and state contaminant-specific ARARs are summarized below.
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Federal contaminant-specific requirements are specified in several statutes, codified in
the U.S. Code (USC), and promulgated in the Code of Federal Regulations (CFR), as
follows:

6.r.-.4 Clean Water Act (33 USCIZ5). Federal Water Quality Criteria
(FWQC) (4QeCF&43: are developed under the authority of the Clean Water Act
(CWA4)v (33 USC f25 ) to serve as guidelines to the states for determining
receiving water quality standards. Different FWQC are derived for protection of
human health and protection of aquatic life. The human health FWQC are
further subdivided according to how people are expected to use the water (e.g.,
drinking the water versus consuming fish caught from the water). Tb6 SARA
121(d)(2) states that remedial actions shall attain FWQC where they are relevant
and appropriate, taking into account the designated or potential use of the water,
the media affected, the purpose of the criteria, and current information. Many
more substances have FWQC than maximum contaminant levels (MCLs) issued
under the Safe Drinking Water Act ( M see discussion below); consequently,
EPA and other state agencies rely on these criteria more than MCLs, even though
these criteria can only be considered relevant and appropriate and not applicable.

FWQC would not be considered at Z Plant Aggregate Area, as no natural surface
water bodies exist in the Z Plant Aggregate Area. The only existing man-made
surface water bodies at Z Plant Aggregate Area are waste management units.

6.2.1.2 Safe Drinking Water Act (42 USC 30.,()). Under the authority of the
Safe Drinking Water Ac SDWA (42 USC 3.0(f), MCLs (40 CFR 141) apply
when the water may be used for drinking. At present, EPA and the State of
Washington apply MCLs as the standards for groundwater contaminants at
CERCLA sites that could be used as drinking water sources. Groundwater
contamination and application of MCLs as . ARARs are addressed under
a separate AAMS specific to groundwater.

6&2.3 Resource Conservation and Recovery Act USC6901, 40 CFR 260
to 271). T%' RCRA addresses the generation and transportation of hazardous
waste, and waste management activities at facilities that treat, store, or dispose of
hazardous wastes. Subtitle C (Hazardous Waste Management) mandates the
creation of a cradle-to-grave management and permitting system for hazardous
wastes. RCRA defines hazardous wastes as "solid wastes" (even
though the waste is often liquid in physical form) that may cause or significantly
contribute to an increase in mortality or serious illness, or that poses a substantial
hazard to human health or the environment when improperly managed. In
Washington State, RCRA is implemented by EPA and the authorized state
agency, the Washington State Department of Ecology (Ecology).
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1RCRX is potnial aplcbeo"rlvnn apropriate to the Z PlanitI
2 Aggregate Area. The ets emtigreurmnsudr CAwudol
3 apply to a wat aaeetuitta sa dnified ha adouis waste TSD4 facility, anid to- h~iArduwast m'A naemn aciite thtoe doutside af
5 area of contaminationf. if a wasemngmn nti o CATDfclt
6 and if rmffediationi occurs onl site, then the RR emtigrqieet ol7 not have to be satisfied. howevr oters-s-tiereureetsn -es-yt

9
10 CERCL rsa (d) ad (e p elyrqire that CERCLA11 ativiies ncluing emedal ation, coply ith bstantive requirements and
12 ntadministra iv requtrements suh as prmnting. Therefore, hazardoas~ wat13 

' tan1 3 a ti v ti e s c o n u c t d o n si t a t th e P l n t g g re g a te A r e a i l l' co m p ly 1 w ith th e
15

0 .btCt nnt
14 subtAmniv ruirementsiRCand not t emtting requirements of RCRA,
16
17 Two key ptft contaminant-specific ARARs have been adopted under the
18 federal hazardous waste regulations: the Toxicity Characteristic Leaching
19 Procedure (TCLP) designation limits promulgated under 40 CFR Part 261; and20 the hazardous waste land disposal restrictions ( for constituent
21 concentrations promulgated under 40 CFR Part 268.
22
23 The TCLP designation limits define when a waste is hazardous, and are used to24 determine when more stringent management standards apply than would be25 applied to typical solid wastes. Thus, the TCLP potial contaminant-specific
26 ARARs can be used to determine when RCRA waste management standards may27 be required. The TCLP limits are presented in Table 6-1.
28
29 The laWisposalrestritios Ds are numerical limits derived by EPA by30 reviewing available technologies for treating hazardous wastes. Until a prohibited31 waste can meet the numerical limits, it can be prohibited from land disposal.32 Two sets of limits have been promulgated: limits for constituent concentrations
33 in waste extract, which uses the TCLP test to obtain a leached sample of the
34 waste; and limits for constituent concentrations in waste, which addresses the35 total contaminant concentration in the waste. Appiabiliy 'toJCERCLA actibnsR8
36 s detei fwaste placemen /disposa"duing a remediation
37 1lro. ccig t o ' SwER Diteouye 9347.3-O.F., EPA:ncudes that
38 oited sitonsdatns.or rovem of39 si nstue place t .. disposaL The land disposal
40 :e:tnenierica:fits can be used to determine if generatd cleanup wastes41 can be redisposed of on site without further
42 treatment, or must be subject to certain treatment practices prior tolnd disposal.43 The ld dipo rstrctions limits are presented in Table 6- see Section44 6.4.1-2 for a further discussion on applying the land disposal rtrition L
45 limits). 0
46
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% 6..A Clean Air Act (42USC74O1). The Clean Air Act (..42 VSC 740
establishes National Primary and Secondary Ambient Air Quality Standards
(NAAQS) (40 CFR Part 50), National Emission Standards for Hazardous Air
Pollutants (NESHAPj)(40 CFR Part 61), and New Source Performance Standards
(NSPS)(40 CFR Part 60).

In general, new and modified stationary sources of air emissions must undergo a
pre-construction review to determine whether the construction or modification of
any source, such as a CERCLA remedial program, will interfere with attainment
or maintenance of NAAQS or fail to meet other new source review requirements
including NESHAP and NSPS. However, the process applies only to "major"
sources of air emissions (defined as emissions of 250 tons per year). The Z Plant
Aggregate Area would not constitute a major source.

Section 112 of the Clean Air Act directs EPA to establish standards at the level
that provides an ample margin of safety to protect the public health from
hazardous air pollutants. The NESHAP standards for radionuclides are directly
applicable to DOE facilities under Subpart H of Section 112 that establishes a 10
mrem/year facility-wide standard during cleanup of the sito ,fo xp"s rt& a
fst recptr. Further, if the maximum individual dose added by a new

construction or modification during remediation exceeds 1 percent of the
NESHAP standard (0.1 mrem/yr), a report meeting the substantive requirements
of an application for approval of construction must be prepared.

6.2.1.5 DOE Order 5400.5. The DOE Standards for Radiation Protoction of the Public
anid Environment (DOE Ordor 5400.5) cstablishcs the roguiromonts for DOE; faceilitios to
proetect the environmoneft anid human hcatlth fromf radiation including soil and air
eantamination. The pufpose of the Ordor is to establish standards and roguiromfents foi
operatiens of the DOE and DOE contractors with respect to protection of momffbors of the
public anid thec onvirofinnt against uinduc risk from radiationt.

The Ordor mfafdatos that the oxposuiro to momfbers of the public from a radiation sourcee
as a conseguenco of routino activitics shall not excood 100 mnrm fromf all cxpocure sourcos
duo to roudtno DOE activitios. ln accordanco with tho Clean Air Act, oxposuroes resulting
fromf air-bomo omissions shall net eeed 10 rnrom.i to thc mnwziffilly cxposcd individual at the
facrility bouindav'. DOE Ordor 5400.5 provides Derived Conenftrationi Guide valucs for:
releases of r-adionudelides inito the air or water. Dodvoed Concontration Guide valuces aarc
ealouilated so that, uinder conditionis of continuouts oxposuro, an individuial would roccivo an
effoctivo doso eguivalont of 100 mromff/yoar. ficcauso dispcrsion in &if or wator is not
accouintod for int the Defivod Concont-ration Guide, actual oxposures of mfaxEimfall3 epsed
individuals in unrostrictod areas arc considorably below tho 100 mnremi/ycaf lovol.

DOE Order 5400.5 also providos for establishmofint of soil cloanup levels through a site
spociflo pathtway anialysis suceh as the allowable rosidual contamination lovoel moithod. The
calculation of alowable residual contamination lovel values for radionuolides is dependent on
the physical charactotitics of thc site, tho radiation dose limfit dotormffinod to be accoptablo,
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I and the sccnarez of humian exposure judged to be possible wid to result in the uipper bounFi
2 exposuire. These valuea will be developed upon collection of additionial informfation
3 conerning site contamination anfd exposure parnmfeters.-
4
5
6 6.2.2 State of Washington Requirements
7
8 State contaminant-specific requirements are specified in several statutes, codified in the
9 Revised Code of Washington (RCW) and promulgated in the Washington Administrative

10 Code (WAC).
11
12 622 Model Toxics Control Act (C 70.10 , Chapter 173-34WAC).
13 The Model Toxics Control Act (MTCA, Ecology, 1991)
14 authorized Ecology to adopt cleanup standards for remedial actions at hazardous
15 waste sites. These regulations are considered o Idi ARARs for soil,

-16 groundwater, and surface water cleanup actions. The processes for identifying,
17 investigating, and cleaning up hazardous waste sites are defined and cleanup
18 standards are set for groundwater, soil, surface water, and air in Chapter 173-340
19 WAC.
20
21 Under the Model Toxics Control Act regulations, cleanup standards may be
22 established by one of three methods.

,,23
24 .| Method A may be used if a routine cleanup action, as defined in WAC
25 173-340-200, is being conducted at the site or relatively few hazardous
26 substances are involved for which cleanup standards have been specified by
27 Tables 1, 2, or 3 of WAC 173-340-720 through -745.
28
29 Under Method B, a risk level of 10-6 is established and a risk calculation
30 based on contaminants present is determined.

0% 31
32 . Method C cleanup standards represent concentrations that are protective of
33 human health and the environment for specified site uses. Method C
34 cleanup standards may be established where it can be demonstrated that
35 such standards comply with applicable state and federal laws, that all
36 practical methods of treatment are used, that institutional controls are
37 implemented, and that one of the following conditions exist: (1) Method A
38 or B standards are below background concentrations; (2) Method A or
39 Method B results in a significantly greater threat to human health or the
40 environment; (3) Method A or Method B standards are below technically
41 possible concentrations, or (4) the site is defined as an industrial site for
42 purposes of soil remediation.
43
44 Table 1 of Method A addresses groundwater, so it is not considered to be an
45 potentim ARAR for Z Plant Aggregate Area (groundwater will be addressed in
46 the 200 West Groundwater AAMS report). Table 2 of Method A is intended for

6-6
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non-industrial site soil cleanups, and Table 3 of Method A is intended for
industrial site soil cleanups. Method A industrial soil cleanup standards for
preliminary contaminants of concern are provided as i ARARs in Table 6-
1.

In addition to Method A, Method B and Method C cleanup standards may also be
considered pN' a ARARs for the Z Plant Aggregate Area. Method B and Method C
cleanup standards can be calculated on a case-by-case basis in concert with Ecology. Method
B and Method C should be used where Method A standards do not exist or cannot be met, or
where routine cleanup actions cannot be implemented at a specific waste management unit.

6.2.2.2 State Hazardous Waste Management Act and Dangerous Waste
Regulations (Chapter173-3O3WAC). The State of Washington is a RCRA-
authorized state for hazardous waste management, and has developed state-
specific hazardous waste regulations under the authority of the State Hazardous
Waste Management Act. Generally, state hazardous waste regulations ( hater
17Q3I03WAC) parallel the federal regulations. The state definition of a
hazardous waste incorporates the EPA designation of hazardous waste that is
based on the compound being specifically listed as hazardous, or on the waste
exhibiting the properties of reactivity, ignitability, corrosivity, or the TCLP.

In addition, Washington State identifies other waste as hazardous. Three unique
criteria are established: toxic dangerous waste; persistent dangerous waste; and
carcinogenic dangerous waste. These additional designation criteria may be
imposed by Ecology as p6tentila ARARs, for purposes of determining acceptable
cleanup standards and appropriate waste management standards.

V 6.2.2. Ambient Air Quality Standards and Emission Limits for
Radionuclides (Chapter 173-480 WAC). These Ecology ambient air quality
standards specify maximum accumulated dose limits to members of the public.
Othier Air Qualty Standards pottiali app cble iiniude arbo& monoxide,

iOne, and irojen dioxid& (Chapiri73-475 WAC) and volatile organic
compbounds (Chperjl3-~49(XWAC). Altiough these~ standards may te potential
AAiA" s these standards are ies retridtive~ than POE Standards per §OE Order
544p,5,iRadiation Protecdion of The~ Pubd5 and the nvionment.

6.42. Monitoring and Enforcement of Air Quality and Emission Standards
for Radionuclides (-WAG h 246-24-7 A V). These permitting
requirements by the Washington State Department of Health (Iealth) adept He
Ecology staidffds for mawdmumf accurfnulated dose limnits to moembors ofth
pub-ie. may bepotentfa1ARARs hbw itis ?r ndetstanding that Health

Mthv dicon the Haufrd . riiQuaity and
emisson sandads fr raionulides

6.2.2. Controls for New Sources of Toxic Air Pollutants (Chapter 173-460
WAC). In accordance with regulations recently promulgated by Ecology in
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I Chapter 173-460 WAC, any new emission source will be subject to Toxic Air
2 Pollutant emission standards. The regulations establish allowable ambient source
3 impact levels (ASILs) for hundreds of organic and inorganic compounds.
4 Ecology's ASILs may constitute potIa4 ARARs for cleanup activities that have
5 a potential to affect air. ASILs for preliminary contaminants of concern are
6 provided in Table 6-1.
7
8 6-2.26 Water Quality Standards. Washington State has promulgated various
9 numerical standards related to surface water and groundwater contaminants.

10 These are included principally in the following regulations:
11
12 i Public Water Supplies (Chapter 248-54 WAC). This regulation
13 establishes drinking water standards for public water supplies. The
14 standards essentially parallel the federal drinking water standards (40 CFR
15 Parts 141 and 143).
16
17 4 Water Quality Standards for Ground Waters of the State of
18 Washington (RCW9.44, Chapter 173-200 WAC). This regulation
19 establishes contaminant standards for protecting existing and future
20 beneficial uses of groundwater through the reduction or elimination of the
21 discharge of contaminants to the state's groundwater.
22
23 . Water Quality Standards for Surface Waters of the State of Washington
24 (Chapter 173-201 WAC and Proposed Chapter 173-203 and 1737201
25 WAC). Ecology has adopted numerical ambient water quality ceiria for
26 six conventional pollutant parameters (defined at WAC 173-201-025): (1)
27 fecal coliform bacteria; (2) dissolved oxygen; (3) total dissolved gas; (4)
28 temperature; (5) pH; and (6) turbidity. In addition, toxic, radioactive, or
29 deleterious material concentrations shall be below those of public health
30 significance or which may cause acute or chronic toxic conditions to the
31 aquatic environment or which may adversely affect any water use.
32 NOMiicaI criteia urrety eist dite mberftoi stubst anc
33 ( Ecology has initiated rulemaking to incorporate
34 numerical criteria for toxic chemicals (i.e., EPA Water Quality Criteria),
35 and reclassify certain waters of the state to Class A or better.
36
37 Under the state Water Quality Standards, the criteria and classifications do
38 not apply inside an authorized dilution zone surrounding a wastewater
39 discharge. In defining dilution zones, Ecology generally follows guidelines
40 contained in "Criteria for Sewage Works Design." Although water quality
41 standards can be exceeded inside the dilution zone, state regulations will not
42 permit discharges that cause mortalities of fish or shellfish within the zone
43 or that diminish aesthetic values.
44
45 These water quality standards do not constitute tent .ial ARARs for purposes of
46 establishing cleanup standards for the Z Plant Aggregate Area. Groundwater is

6-8
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being EiU. addressed under a sparat study ite20Wes(9roundWater
AAMSR in which pertinent groundwater-related ARARs will be covered. No
surface water bodies exist within the Z Plant Aggregate Areaso there will be no
need to achieve ambient water quality standards during remediation activities.

The numerical water quality standards cited above may become potential ARARs
if selected remedial actions could result in discharges to groundwater or surface
water (e.g., if treated wastewaters are discharged to the soil column or the
Columbia River). Determining appropriate standards for such discharges will
depend on the type of remediation performed and will have to be established on a
case-by-case basis as remedial actions are defined.

k 6.2.3 National Pollutant Discharge Elimination System (-WAC 173 220 and
40-CFR--22) and Water Quality Standards Rw' 4 Caiter 13t20

A National Pollutant Discharge Elimination System
(NPDES) regulations govern point source discharges into navigable waters.
Limits on the concentrations of contaminants and volumetric flowrates that may
be discharged are determined on a case-by-case basis and permitted under this
program. No point source discharges have been identified. The EPA implements
this program in Washington State for federal facilities; however, assumption of
the NPDES program by the state is likely within five years.

6.3 LOCATION-SPECIFIC REQUIREMENTS

Poje4iWIl 4 ocation-specific ARARs are restrictions placed on the concentration of
hazardous substances or the conduct of activities solely because they are in specific locations.
Some examples of special locations include floodplains, wetlands, historic places, and
sensitive ecosystems or habitats.

Table 6-2 lists various p location-specific standards and indicates which of these
may be potential ARARs. Potential ARARs have been identified as follows:

* Floodplains. Requirements for protecting floodplains are not ARARs for
activities conducted within the Z Plant Aggregate Area $ 1#eagtre~ga *e&?

add iiundaty. However, remedial actions selected
for cleanup may require projects in or near floodplains (e.g., construction of a
treatment facility outfall at the Columbia River). In such cases, location-specific
floodplain requirements may be potential ARARs.

* Wetlands, Shorelines, and Rivers and Streams. Requirements related to
wetlands, shorelines, and rivers and streams are not ARARs for activities
conducted within the Z Plant Aggregate Area. However, remedial actions
selected for cleanup may require projects on a shoreline or wetland, or discharges
to wetlands (e.g., construction of a treatment facility outfall at the Columbia
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1 River). In such cases, location-specific shoreline and wetlands requirements may
2 be potential ARARs.
3
4 * Threatened and Endangered Species Habitats. As discussed in Section 3.6,
5 various threatened and endangered species inhabit portions of the Hanford Site
6 and may occur in the Z Plant Aggregate Area (American peregrine falcon, bald
7 eagle, white pelican, and sandhill crane). Therefore, critical habitat protection
8 for these species would constitute a potential ARAR.
9

10 * Wild and Scenic Rivers. The Columbia River Hanford Reach is currently
11 undergoing study pursuant to the federal Wild and Scenic Rivers Act. Pending
12 results of this study, actions that may impact the Hanford Reach may be
13 restricted. This requirement would not be an potetia4 ARAR for remedial
14 activities within the Z Plant Aggregate Area. However, Wild and Scenic Rivers
15 Act requirements may be ptnti ARARs for actions taken as a result of Z Plant

mo 16 A reae ARea cleanup efforts that could affect the Hanford Reach.
17
18
19 6.4 ACTION-SPECIFIC REQUIREMENTS
20
21 Ptenal Aiction-specific ARARs are requirements that are triggered by specific

n- 22 remedial actions at the site. These remedial actions will not be fully defined until a remedial
23 approach has been selected. However, the universe of action-specific ARARs defined by a
24 preliminary screening of potential remedial action alternatives will help focus the selection
25 process. Potential action-specific ARARs are outlined below. (Note that oftI
26 contaminant- and location-specific ARARs discussed above will also include provisions for
27 action-specific ARARs to be applied once the remedial action is selected.)
28
29
30 6.4.1 Federal Requirements
31
32 6.4.4 Comprehensive Environmental Response, Compensation, and
33 Liability Act ,40 R30). CERCLA, and regulations adopted pursuant to
34 CERCLA contained in the National Contingency Plan (40 CFR Part 300), include
35 selection criteria for remedial actions. Under the criteria, excavation and off-site
36 land disposal options are least favored when on-site treatment options are
37 available. Emphasis is placed on alternatives that permanently treat or
38 immobilize contamination. Selected alternatives must be protective of human
39 health and the environment, which implies that federal and state ARARs be met.
40 However, a remedy may be selected that does not meet all ARARs if the
41 requirement is technically impractical, if its implementation would produce a
42 greater risk to human health or the environment, if an equivalent level of
43 protection can otherwise be provided, if state standards are inconsistently applied,
44 or if the remedy is only part of a complete remedial action which attains ARARs.
45

6-10
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CERCLA gives state cleanup standards essentially equal importance as federal
standards in guiding cleanup measures in cases where state standards are more
stringent. State standards pertain only if they are generally applicable, were
passed through formal means, were adopted on the basis of hydrologic, geologic,
or other pertinent considerations, and do not preclude the option of land disposal
by a state-wide ban. Most importantly, CERCLA provides that cleanup of a site
must ensure that public health and the environment are protected. Selected
remedies should meet all ARARs, but issues such as cost-effectiveness must be
weighed in the selection process.

644. Resource Conservation and Recovery Act ,(4 SC 901, 4&CFR 260
to 27). Th RCRA (42 US)C>69X), and regulations adopted pursuant to RCRA,
describe numerous action-specific requirements that may be ptential ARARs for
cleanup activities. The primary regulations are promulgated under 40 CFR Parts
262 (S andadsfor Gee.tr) 264, and 265 (Sindards tot ow0=e4s and

pz TSDailitis) and include such action-specific
requirements as . w

.| Packaging, labeling, placarding, and manifesting of off-site waste
shipments-

.4 Inspecting waste management areas to ensure proper performance and safe
conditionst

*9 Preparation of plans and procedures to train personnel and respond to
emergencies-

* Management standards for containers, tanks, incinerators, and treatment
units-

.4 Design and performance standards for land disposal facilities;-and

|| Groundwater monitoring system design and performance.

Many of these requirements will depend on the particular remediation activity
undertaken, and will have to be identified as remediation proceeds.

One key potential area of action-specific RCRA ARARs are the 40 CFR Part 268
land dispesal-restrietiens LDps. In addition to the contaminant-specific
constituent concentration limits established in the land disposal rostfictions ,s
(as previously discussed in Section 6.2.1-3), EPA has identified best
demonstrated available treatment technologies (BDATs) for various waste
streams. EPA could require the use of BDATs prior to allowing land
disposal of wastes generated during remediation of Z Plant. The EPA's
imposition of the land disposal restrictions Xf and BDAT requirements will
depend on various factors.



DOE/RL-91-58
Draft B

I Applicability to CERCLA actions is based on determinations of waste
2 "placement/disposal" during a remediation action. According to OSWER
3 Directive 9347.3-05FS, EPA concludes that Congress did not intend in situ
4 consolidation, remediations, or improvement of structural stability to constitute
5 placement or disposal. Placement or disposal would be considered to occur if t
6 foldw0:
7
8 4- Wastes from different units are consolidated into one unit (other than a land
9 disposal unit within an area of contaminationy

10
11 s| Waste is removed and treated outside a unit and redeposited into the same
12 or another unit (other than a land disposal unit within an area of
13 contamination)-e
14
15 . Waste is picked up from a unit and treated within the area of contamination
16 in an incinerator, surface impoundment, or tank and then redeposited into
17 the unit (except for in situ treatment).
18
19 Consequently, the requirement to use BDAT would not apply under the land
20 disposal rfstriotions = standards unless placement or disposal had occurred.
21 However, remediation actions involving excavation and treatment could trigger

c' 22 the requirements to use BDAT for wastes subject to the land dispesal restrictions
23 standards. In addition, the agencies could consider BDAT technologies to
24 be relevant and appropriate when developing and evaluating potential remediation
25 technologies.
26
27 Two additional components of the land disposl restritions t1 program should
28 be considered with regard to an excavate and treat remedial action. First, a
29 national capacity variance was issued by EPA for contaminated soil and debris for
30 a two-year period ending May 8, 1992 (54 FR 26640). Second, a series of

rv. 31 variances and exemptions may be applied under an excavate and treat scenario.
32 These include efoiwingi6Yii,4:
33
34 * A no-migration petition-
35
36 4 A case-by-case extension to an effective datet
37
38 * A treatability variancet-and
39
40 - Mixed waste provisions of a federal Facilities Compliance Act (when
41 enacted).
42
43 The applicability and relevance of each of these options will vary based on the
44 specific details of a Z Plant Aggregate Area excavate and treat option. An
45 analysis of these variances can be developed once engineering data on the option
46 becomes available.

6-12
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The effect of the land disposal restrietiens M program on mixed waste
management is significant. Currently, limited technologies are available for
effective treatment of these waste streams and no commercially available
treatment facilities exist except for liquid scintillation counting fluids used for
laboratory analysis and testing. The EPA recognized that inadequate capacity
exists and issued a national capacity variance until May 8, 1992, to allow for the
development of such treatment capacity.

Lack of treatment and disposal capacity also presents implications for storage of
these materials. Under 40 CFR 268.50, mixed wastes subject to laed-dispesal
restrietiens 4 may be stored for up to one year. Beyond one year, the
owner/operator has the burden of proving such storage is for accumulating
sufficient quantities for treatment. On August 29, 1991, EPA issued a mixed
waste storage enforcement policy providing some relief from this provision for
generators of small volumes of mixed wastes. However, the policy was limited
to facilities generating less than 28 m3 (1,000 ft3) of land disposal-prohibited
waste per year. Congress is considering amendments to RCRA postponing the
storage prohibition for another five years; however, final action on these
amendments has not occurred.

6.43 Clean Water Act (40CFR 1 22. Regulations adopted pursuant to the
Clean Water Ac CZ(C 2 under the NPDES mandate use of best
available treatment technologies prior to discharging contaminants to surface
waters. NPDES requirements would not be ARARs for actions conducted only
within the Z Plant Aggregate Area. However, NPDES requirements could
constitute peial ARARs for cleanup actions which would result in discharge of
treated wastewaters to the Columbia River, and associated treatment systems
could be required to utilize best available treatment technologies.

4S flf Departme The~transp'Wrtan Shindards (4 CFR 171177). The Department

aconaiedin F ,t71-177 specify the
aabeIng, and'Piacaiding or off-site .transport of

ts.that aad'os substanes and
Wea ansprt and proper

.. . .. . .. . ... ~ ....... ..SN lS . h a ,

* Occupatinl ea lthiand Safety Administration Standards (29 CFR 9O).
Thte(csupatonal Heaith and1 Safety Administration-requirements contaned in 29
CmR 1910 ioutli'sandarsgfor provision-tisafe 'arid bealthful places. c4

.. .. .. ..

employmemti~h fo&wrkrs SectPn 90.1 4 pe2&ficlly adydresses standards for
wotkertgad i ~hazardous watCp" tosademrec epne n

incude deaied tanard o th prcedre an eqipmntresired an

S mit Air>Quiility surveillance (4O'CFR 5)
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1 6.4.1.4 DOE Order 518O.lb Standards for Environmental Protectioni, Safety, and6
2 Health Program for DOE Operations. The puWOpeadsoeoehsore st sals
3
4 ou elements and contraetos performng w
5 DOE. This work May be required by law anid/oEr contract and~ be imnplemfented bythe
6 appropprate contracting officer.
7
8 The ES&IT Program includes all DOE i activ~tes, and funtions that e
9 conerned with controlling aifr, water, and soil pluicn t limits the disk to both operating

10 prsonel nd he gnerlpulito ,acceptably--low-levels. Radioactive and hazafdous waste
11 mngmnfucinaeicueinthis progr-am. This order applies to the ES&II
12 pregmmis at adl Governmfenit owned cotractor operated facilities.
13
14 This order: establishes the responsib ilities and auithofities necessaryfoefetv

f 15 pefformance of the porm vealrsoniiiyan uhrtyfrDEprgasi
16 giveni to the Under! Secetx
17
18 6-4.1.5 DOE Order 5480.3 Safety Requirements for the Packaging-and--T-Pranpotiation
19 of Hazardous Materials, Hazardous Substances, ad Hazardous Wastes. The puwoese Of
20 this order is to establish requirements for the packaging anld transportation of hazardous21 mate4als, hadu This order outlines guides that apply
22 to al epmiento4 Elements afld contr-actors perormintg work for the DOE. This work mfay
23 be required by law and/or conltractanbeipeetdbthaprraecorcigofc24 who is inivolved with the packaging and/orf tanlsportationi of harmdous mfater-als, hazafdous25 substances, or hadeus wastes. This order is applicable to the extent that wastes weuld

S26 nieed to be paern-ged or transported.
27
28 DOE 5180.3 states: "whent offered to the carier, each shipmfenit of haardous

'!29 mfatefials, haz ardous substances, or hazardous wastes shall be in compliance with this order,
30 an)h plcbesft euain f the Depanmentm of Tanspo,[tatonf.". The pakage
31 standardS oulinePd in; 51380.3 ilulde the stanidafrds for adioactive mfatediAls in amoiunts932 greater thanl Type A qanfltites, swturl tandrsfrTp akaig n rtclt
33 standards for fissile mateha akgs tnarsfrnra odtin ftaso n
34 stadards for ypoteel accidenit onditions forf a single pakage have been outline
35 dpnigothqutiyadtpoF matedial contained. All of site shipping contadners
36 msmetqaiyasrnepoeues for fablieation, assembly, and tesing.
37

39 Standards. The putorse of this rder is to specify Efadpoierqieet o h
40 application of the mfandatory ES&H standardsapibltollD EndOEotrto
41 operations; to povide a lisinig of refeencee ES&II-sadrs n oieniytesucso
42 themadt 7anreeecESIIsadd.
43
44 Facility esign, se tin oprtomdfctoad eommffissioning will be
45 covered by this rder. The failiies of er-rn are thoso, ofemntoreprayaue
46 ta eowelaeootevie ontolled by the DOE r eased by DOE ontfaetors
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@ 1 for use in work for the DOE. if DOE has the auithofity to establish and eniforce ES&II
2 Program requirements unfder the contaulaanmes for the work! to be performed, this
3 order is applicable.
4
5 The Occuipational Safety and Health Administration (OSHA) stanidards arc also applied
6 through this order. OSHA requirements provide de -led guidance .n the proedurfes and
7 equipment personnel are to have and wea when coniducthng anl on site remedial action ata
8 h~azdous waste site. The standards aso require the development of Health and Safety Plan
9 by each emfployer involved with thc remediatien.

10
11 6.4.1.7 DOE 5400.4 Comprehenive Environmental Response, Compensation, and
12 Liability Act Requirements. On October 6, 1989, DOE rescinded its ekisin
13 administrative order (DOE 5180.11) guiding CERCLA response actions at DOE facilities. 1t
14 was replaced with DOE Admfinistrative Ordor 5100.1. This order incofporates two
15 provisions impoeftmt to remnedial actions at the Z Plant Aggregate Area as follows:

CN 16
17 - DOE facilities are authcdized to eniter into interagey Agreemfents and/or Federa
18 facility Agreemfents at both NFL eand noen NFL sites, with federal, state,and
19 local entities for the czeetior.n of remnedial actions under the requiremfents
20 presefibed ini DOE 5400.2A [Environmfental Comaplianee issue Coordinlation] and
21 underSection 120(e) of CEROLA.

~' 22@ 23 - Where the remnedial actiont is being conducted in parallel with the dlevelopmnent oe
24 an Environmnential Impact Statemfenit (EIS) under the National Environetal

- 25 APolicy A ), coordination of dLata collection and analysis is encouraged.
~, 26 The prnay inistrument for the integration of these two proegramfs is the RI/f S

27 process. Public review of the two comfpliance proegrams arc also to be inltegrated.
- 28
. 29 This order: is a key document that will be guidinig comfpliance actionis at the Z Plant

30 gfgt fa
31
32 6.4.1.8 DOE Order 5820.2A Radioactive Waste Management. DOE Order §820.2A
33 applies to all DOE contr-actors and subcontractors performning work that iw.'olves mfanagemfent
34 of waste containing radioactivity. This ordler requirfes that wastes be mfanaged in a mfanner
35 that assures pfeteetien of the heatlth and safety of the public, operating personnel, afid the
36 enivironment. DOE O)rder 5820.2,6 establishes requiremnents for mfanagemfenit of high level;
37 TRU, anld low lev~el wastes as well as wastes containing naturally oeurdng or accelerator
38 produced radioactive maatedald, decomnmissioning of facilities and the formfat for a waste
39 mnagemfent plan. The requirements applicable to the Z Plant Aggregate Area remediationl
40 activities incelude those related to TRU waste, low level radioactive waste anid the w.a.Aste
41 mAlanagemfient plan. These are suf. JLA zed below.
42
43 6.4.1.8.4 Management of flU Waste. The:FRU waste resulting fromf the Z Plant
44 Aggregate Area remedial action must be managed to protect the public and Aoker health an@ 45 safety, and the environnent, and performed in compliance wvith applicable radiation
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1 protectioni standads and environmfental regulations. Practical and cost effective methods
2 must be used to reducee the volumffe and toxicity of TRU waste.
3
4 The TRU waste mutst be certified in compliance with th.at Islion -Pilot Planit
5 (WIPP) Acceptance Criteria, placed~ in intedma storage, if required, and sent to the- 'N4PP.
6 Any TR-U waste that the DOE has dletermnined, with the concurrence of the EPA
7 Admnistrator, does not nteed the degree of isolation provided by Et geologic repositof' ot
8 TRU waste that cannot be certified or otherwise approvled for acepta-nce at the WIPP must
9 be disposed of by alternative mnethods. Alternative disposal metod mus bapproved by

10 DOE Ileadquwters and comfply with NEPA requirements and EPA/state regulationis.
11
12 6.4.1.842 Management of Low Level Radioactive Waste. The requiremfents for
13 managemfent of low level r-adioactive waste presented in DOE Order 5820.2A aze relevanit to
14 the remedial alterniative of r-emoival and disposal of the Z Plant Aggregate Area wastes.
15 Peformfance objectives for this option shall ensurfe that eternal exposurfe to the radioactive

-16 mfatedial released inito surface water, groundwater, soil, plants, and animials does noet result in
.~17 an effective dose greater than 25 mfremn/yr to the public. Releases to the environment shall

18 be at levels as low as reasoniably achievable. An indetnnrdratrthinsittina
S19 control pefiod of 100 yeaps is not w.d10mrmy o cniuu exposure or 500

20 mriem for a single acute exposure. A performfance assessment is to be prepared to
21 demonstrate compliance with the above performance objectives.

S22

*23 Other requiremfents under DOE Order 5820.2A which mfay affect remiediationi oF theZ
24 Plant Aggregate Area incelude waste volumne mninimization, waste characterization, waste

S25 acceptance cr-tedia, waste treatmfent, and shipment. The low level radioactive waste may be
S26 stored by appropfiate mnethods pdoir to disposal to achieve the performFance objectives

27 dliscussed above. Disposal site selection, closure/post closure, monefitodnfg, and recordls
28 requirements afe also discussed in this or-der.
29
30 6.4.1.8.3 Was~te Management Plan. Each site that treats, stores, or disposes of De
31 radiactive waste is responsible for complying with the steandafds of DOE Order 5820.2.A.
32 and to docutment this comnpliance in a Waste Mlanagemfent Plan. The Waste Managemn
33 Plan shall include an executive summary; general site information; a deseriptioA et
34 radioactive, mnixed, and hazedetus waste maaeetoeaos; a schedule and cost
35 summn ' an,-d a dcscfion of environmental molnitoflng programs.
36
37 6.4.1.9 DOE Order 5180.11 Radiation Nroteetion for Occupational Workers. DOE
38 Order 5180.11 establishes radiation protection standards and proegramf requiremfents for the
39 protection of workers from ionizing r-adiation. These radiation standafds afe consistent with
40 EPA guidance based ont r-ecomfmendations by the National Couincil on Radliation Protection
41 and Measuremifents and the International Commifission on Radiological Protection.
42
43 DOE policy published int DOE 5480. 11 requfires that occuipational exposurfe to frdiationi
44 be mfaintained as low as resnby civbe. The exposure of an occuipationial worfket
45 shall not exceeed the following limiting values.
46
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I effectivo dose from internal and external sources
iasr ef.

IF1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

Ltt 19

20
21
22
23

24
-25
26

27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44.45
46

Nnstohastig Effocts. The annual do equivalent for individual organs is:

iens of eyt - 15 rosgt
aki of tha zhol abetdy - b5 rti t e A
extfefmity - 50 fem
organ or tissue - 50 rem

gestation period is 0.5 regm.

Non eaortgeny planno d sp5ial oxposurs lay, under unusual cme ent stan ar, d
theermiftio ofu ARAs will b ayival-nt limaiits s atablishod abo-e

6.1.1.10 DOE Order 6430.1A Cencral Design Criteria. The crit-ria pr de mandate,
minimgally acptablo rduirents fo faieeity dasign. Critoa apply to any building
acquisitin, now faceility addition and atoraCn iclu9ding one sit e anstr gemd binsaprd
engineered buildings, plant fabiatsd modular buildings, and tepoary facilities. Critin
will apply in planninig, design, and developmont.

6.4.2 State of Washington Requirements

64.2. Hazardous Waste Management (Caatser 173r303 WAC). As
discussed in Section 6.4.1., there are various requirements addressing the
management of hazardous wastes that may be potential action-specific ARARs.
Pertinent Washington regulations appear in Chapter 173-303 WAG (Xpi14d

'%bTkW: 105) and generally parallel federal management standards.
Determination of ARARs will be on a case-by-case basis as cleanup actions
proceed.

6444.2 Solid Waste Management (Chapter...1...Or WA.). Washington State
regulations describe management standards for-solidwa'ste in Chapter 173-304
WAG ( W thRii pf RW:.. Some of these management standards
may be potetial ARARs for disposal of cleanup wastes within the Z Plant
Aggregate Area. Solid waste standards include such requirements asth

S Inspecting waste management areas to ensure proper performance and safe

conditions-,

4 Management standards for incinerators and treatment unitst,

*: Design and performance standards for landfillst-,and
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1
2 - Groundwater monitoring system design and performance.
3
4 Many of these requirements will depend on the particular remediation activity
5 undertaken, and will have to be identified as remediation proceeds.
6
7 6.4.23 Water Quality Management. Chapter 90.48 RCW, the Washington
8 State Water Pollution Control Act, requires use of all known, available, and
9 reasonable treatment technologies for treating contaminants prior to discharge to

10 waters of the state, ..... . r.. ndwaE Implementing regulations appear
11 principally at Chapters 173-216, 173-220, and 173-240 WAC.
12
13 The Water Pollution Control Act requirements for groundwater could be potential
14 ARARs for actions conducted within the Z Plant Aggregate Area if such actions
15 would result in discharge of liquid contaminants to the soil column. In this
16 event, Ecology may require use of all known, available, and reasonable
17 treatment technologies to treat the liquid discharges prior to soil disposal.
18
19 The Water Pollution Control Act requirements for surface water would not be
20 ARARs for actions conducted only within the Z Plant Aggregate Area.
21 However, these requirements could constitute potentia ARARs for cleanup
22 actions which would result in discharge of treated wastewaters to the Columbia
23 River4 and associated treatment systems eeuld wbuld be required to demonstrate
24 they meet all known, available, and reasonable treatment technologies.
25
26 .4.2. Air Quality Management (RCW 7O.94). Vh the autho ity f the
27 Whington Ce Ar Act (RCW 7094), Tihe Toxic Air Pollutant regulations
28 for new air emission sources, promulgated in Chapter 173-460 WAC, require use
29 of best available control technology for air toxics. The Toxic Air Pollutant
30 regulations may be potential ARARs for cleanup actions at the Z Plant Aggregate
31 Area that could result in emissions of toxic contaminants to the air. Ecology may
32 require the use of best available control technology for air toxics, to treat such air
33 emissions.
34
35 Water WeJJ Cdnstrudson (ROW 18.104). This regulation establishes authority
36 fcr Ecotogy to r and operators and
37 f&rthe regduano water ~wel cdntrtion.
38
39 ,'s~? a ~ .40* Ncla neg n Riidiation (RCW 70.98). Chapte 70.98 RCW'establishes

40 a~~ rgrntoetbshpocdures fdr assumpaion and performance o eti
42 reuaoyrspniiiiswith. rpectjtobyproduct. sbtirce,i apd special' nuclear

43
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28 6.5 OTHER CRITERIA AND GUIDANCE TO BE CONSIDERED
29

In addition to the potential ARARs presented, other federal and state criteria,
advisories, and guidance, adimilar ateialt s are "te be considorod" (TBC) in determining
the appropriate degree of remediation for the Z Plant Aggregate Area. A myriad of
resources may be potentially evaluated.

34 pertinent TBC provisions.
35
36
37 6.5.1 Health Advisories
38

The following represents an initial assessment of

The EPA Office of Drinking Water publishes advisories identifying contaminants for
which health advisories have been issued.

6-19

'I Po)Iution Disclosure Act (RCW 9$.52). Chapter 90.52 RCW describes'lhe
t hg te rejrts for any comcial or industrial

dischargehta s'antary sewaeto waters of the' state.

a taesors AWt(RCW 9U.3QJ* hate yu.54±~ 0CjgVese state
authoritj to imlmn ae-eae eore rgas

e MInnimim Stihdrds for C6onsitrutiodand Maintenance&Wf Wel!s (Chapter

I7StlV WA C ~mhm

173-16 WA) WelW< c0nstruction, rgainsstbshmnumstandards ffr
water welcntuto n eur the pepartio fhostruction reports.

9e Riles and itions Governing the Lkcehind of Well Cpntractors apd
9perators (Chapter 173.-62 WAC).fl Chater 13-62 WAC estahuishes
trqurements forlicesig o e res

W StaMe4WatrDtcharge Permit Program (Chapter 173-216 WAC). Chapter
7-246,WAsbi4ses ap peritsystm tor dishargs of wastewe tifr

grudaerads rewater vis~ municipal sewage system.

W'3Udergoun ineto otol1Program (Chapter"173-218 WAC). 'Chaptr
173218WA. prtansto hijectionof wateJntypaquifers ta&t 4sd&o

driing water.

teyincinet~ors (WAC I73-3O3-67) f iddinerto6rs tare used for a remedia
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1 6.5.2 International Conunission of Radiation Protection/National Council on Radiation
2 Protection
3
4 The International Commission of Radiation Protection and the National Council on
5 Radiation Protection have a guidance standard of 100 mrem/yr whole body dose of gamma
6 radiation. These organizations also issue recommendations on other areas of interest
7 regarding radiation protection.
8
9

10 6.5.3 EPA Proposed Corrective Actions for Solid Waste Management Units
11
12 In the July 27, 1990, federal register (55 FR 30798), EPA published proposed
13 regulations for performing corrective actions (cleanup activities) at solid waste management
14 units associated with RCRA facilities. The proposed 40 CFR Part 264 Subpart S included
15 requirements that would be TBCs for determining an appropriate level of cleanup at the Z
16 Plant Aggregate Area. In particular, EPA included an appendix, "Appendix A - Examples of
17 Concentrations Meeting Criteria for Action Levels", which presented recommended
18 contaminant concentrations warranting corrective action. These contaminant-specific TBCs
19 are included in Table 6-1 for the preliminary contaminants of concern.
20
21
22 j,54Departnt of Energy $pndards for Radiatio9,Prqtetion
23
24 A4 mrofDpE Ore ss wich could beT~. h O Qrders phat establish
25 pqtential ontaminat-pecifIcor atibn pecific tndards fr 1 theemdiation df radioactive
26 ss and jateriaIs aeAdscussed below.
27
- 28 - t9E Orde 5406.5 - E~4 Standards or Radihton Protection df he Public

,t29 and E rtnmentThe DE Ord 4li the requirements for
30 DrOE aciidesto prtett ifia enironment and human heal tl ftom radiation

#31 ?Incldisoran ir~ otaiait The purpose of th Order is to estabtish
32 Anarhds and requTrements for~ prtion~s of the DOE and DQE contractors with

33 rspect>t6proecion or'mmbers f h puoi and the eavironmentagainsiiudue~
34 risk from radato
3536 Mh d 1'~ ~ ~xosi~onim s 6r mthe public from a radiation

3quen.ce of routine actvtiestsh an ed 100 mremr
38 exposuret *urtcesdut rouune DOE yities. Jo accordance wih the Ce"I
39 Aetwim]xyr 6tre ng from ab Trminsso shall not exceed Q mrem
40 to the maximally expsed iniqviduaj dt the faQi:yboundary. The DOE Order

45400pro D id C..e.rt G (DCG) a .s or reas .. f
42 d n < . Th&DCG vah are calculated so that, under
43 'onditns t individual would receive an effective dose
44 eqitva1leni fi10O mrm/year.~ Beas ds ,sonrwg ter ts not acconted
45 rorW Wnth DCG,.actdal expasures, of' maxima4Iy exposed individuals in
46 unreth&icted areas are conside'rably bicilth 1 #mem/year level.

45~
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1
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4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
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S% 31
32
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39
40
41
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43
44
45
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a D)02 OrdIer 5820.2A - aiatv at aaeet The DOE Oider
5822A ppiesto llDOEcotAc4.trs and sucnrcosprorming work that

involv+.s mnanagments astep contmng radIoacttvnty.. Tb1s<Order requires th~at

heu icprtVin pfrs . Threr 2.
s he f agemv iigh-e, TR , and low-level

w sasw aswss naining na y ouring q r acpelrator pr6duced
raioative wtera, and 4Sr deommbissiindg6 fa~itdes. The requremets

pplicabWe to the Z$Plant4Agregare r e iionactiies incuid hose
related to TRP waste~ an &Jow-!evel radmact1ve waste. T hese are summarized

Mg agee A
- aaeeto R Waiste. The TRU waste< resu 1ing FromthZPan

Aggregate Are reda! aUon ihust be anaged 16 protect the piubiic>and
Workerhealth and saetyandthe ehidtonmenr, and performed in
co6mpliance with apblicabierd ii$6prt 5 standards anid 'envirpnmena

reguatins.Praccalandcosteffcdv mehpds must be used to reduce
th volume an ox y TRtUaste.

The TRU wist& must'be' 1rted 50 dcrpliance with the Waste IsQlation
5an t (W tP Acptae Criteria, placed in interim storage, if

r Any TU vaste Thaithe atdEAs
detemind, iththeconurrece f te EA Aminstrtor, does, not need

th ereo slto provided by a 'tloi epbsitry or TRU wste th~tcannt bec'rfe by otberwiseiapproved' f&r acptande at the' WLPP must
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- Maxiagnebet or Lbw Ievel Radioactive Waste. The requirements for

McnagM"bf lw-Iee radic iyvewaste presented in DOE Orde
58202A re eleantto he emeialAlt i&nativeof emval anid dis~poa df

Z rlant Aggregate Area Wastes. #efrrnance objectives for this 6ption
&hali enisure 'that xternalexposre t the radioactive. material relased inhto

r w rn tril, plants, nd animals doqs not 'desut in abe d 25 r r tothpbi.. R.eleases to the
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1 actxoue.Apromne seseti tfepeae to demgiismtte02EA IT mpl-iance "* %it _he abo perf 9Mnce 'btvet2
3
4 OThr reuin udrDOE Ord M

6 nm stW wa cceptac r , s
7 - ~treaTmlent, atd shipment ~The16 lo- rve adioatv te abe s&tdedmby

10 9u s. su,
Smontong(ieuirments ae a discusedi s

11 c.

12
13 6.it Sii C )i nuP Reimiedhfionht4 tford
14

N15 Th E 5lg N4larad ixd Wa:t Jjnagemet Prirm soilCleanup Policy
17 ecm effectv Fbay5,99.The purpse otis po icy is # rid& a basis f6o

17 onsstnt leaup, rmeIatlQns and cosuTe at th nfoyd SI'e
18
19
20 6.6 POINT OF APPLICABILITY
21
22 A significant factor in the evaluation of remedial alternatives for the Z Plant Aggregate
23 Area will be the determination of the point at which compliance with identified ARARs must
24 be achieved (i.e., the point of a specific ARAR's applicability). These points of applicability
25 are the boundaries at which the effectiveness of a particular remedial alternative will be

t!26 assessed.
27
28 For most individual radioactive species transported by either water or air, Ecology and

329 Health standards (gCTea A c Setif .. generally require compliance at the
30 boundaries of the Hanford Site. The assumed point of compliance for radioactive species is
31 the point where a member of the public would have unrestricted access to live and conduct
32 business, and, consequently, to be maximally exposed. Although Health is charged with the
33 responsibility of monitoring and enforcing the air standards promulgated by Ecology, and
34 generally recognizes the site boundary as the point of applicability, Ecology has recently
35 indicated that compliance may be required at the point of emission.
36
37 The point at which compliance with identified potentia ARARs must be achieved will
38 be a significant factor in evaluating appropriate remedial alternatives in the Z Plant
39 Aggregate Area. Applicability of petia1 ARARs at the point of discharge, at the boundary
40 of the disposal unit, at the boundary of the AAMS, at the boundary of the Hanford Site,
41 and/or at the point of maximum exposure will need to be determined.
42

43

28Fr otiniiua adociv pcistanprtdb ete wtr rarEoo0 n
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1 6.7 ARARs :REaCA E EU9fRE EENT
2 EVALUATION
3
4 Evaluation of ARARs is an iterative process that will be conducted at multiple points
5 throughout the remedial process.
6
7 * When the public health evaluation is conducted to assess risks at the Z Plant
8 Aggregate Area, the 0 contaminant-specific ARARs and advisories and
9 pdtniaI location-specific ARARs will be identified more comprehensively and

10 used to help determine the cleanup goalst-and|
11
12 * During detailed analysis of alternatives, all the Ptential ARARs and advisories
13 for each alternative will be examined to determine what is needed to comply with
14 other laws and to be protective of public health and the environment.
15
16 Following completion of the investigation, the remedial alternative selected must be
17 able to attain all ARARs unless one of the six statutory waivers provided in Section 121
18 (d)(4)(A) through (f) of CERCLA is invoked. Finally, during remedial design, the technical
19 specifications of construction must ensure attainment of ARARs. The six reasons ARARs
20 can be waived are as follows:
21
22 * The remedial action is an interim measure, where the final remedy will attain
23 ARARs upon completion.
24
25 * Compliance will result in greater risk to human health and the environment than
26 will other options.
27
28 0 Compliance is technically impracticable.
29
30 a An alternative remedial action will attain the equivalent performance of the
31 ARAR.
32
33 * For state ARARs, the state has not consistently applied (or demonstrated the
34 intention to consistently apply) the requirements in similar circumstances.
35
36 * For CERCLA-financed actions under Section 104, compliance with the ARAR
37 will not provide a balance between the need for protecting public health, welfare,
38 and the environment at the facility, and the need for fund money to respond to
39 other sites (this waiver is not applicable at the Hanford Site).
40
41 ..ce i'l stigdiidn ha1"vebeen completed and final'reMedies .hve been selected, ;the
42 'ARARs that must be~ 4etwil be fcrally identified in the Recgrd of Decision (ROD).
43 Compkliance with~ tseA RA~s sp'ecified in the R4Dill beachieved through~ She iremedial
44 aztion.&ARARs may ned to be valutd f natcptdirmsnesare en&buteed
4a duigrmdito hchpeette blt o ai h iaenitifiad'ARARs.
46
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Table 6-1. Potential Contaminant-Specific ARARs and TBCs for
Preliminary Inorganic and Organic Contaminants of Concern. (Sheet 1 of 2)

RCRA RCRA MTCA WCAA RCRA
TCLP Land Ban Limits Method A Toxic Air Pollutants Corrective Action Levels (1)
Designation Non-wastewater Cleanup Levels ASIL --(Proposed)-
Limits in CCWE CCW Industrial Soil in ug/m3  Air Soil
mg/L in mg/L in mg/kg mg/kg in ug/m3  in mg/kg

INORGANICS

Asbestos ---- - .- - 4.2(2)

Barium 100.0 100.0 - - 1.7 0.4 4000.0
Beryllium ---- ---- --- ---- 0.00042 0.0004 0.2
Boron ---- ----
Cadmium 1.0 1.0 -- 10.0 0.00056 0.0006 40.0
Chromium (VI) 5.0 5.0 --- 500.0 0.000083 0.00009 40.0
Chromium (111) 5.0 - -- 500.0 1.7 --- -

Chromium (total) 5.0 -- -- 500.0 .... --- - 0
0' Copper - -- - - 3.3 --

Lead 5.0 5.0 - 1000.0 --- -

> Mercury 0.2 0.2 - 1.0 - . - 20.0 w
Nickel -- - - -- -- - 2000.0
Silver 5.0 5.0 - .-..- 0.3 -- -. 00
Zinc --- -- - -- - -- -- --

Cyanide --- - 590 (3) -- 16.7 - 2000.0
Fluoride - - - -- 8.3 --

Nitrate (as Nitrogen) ---- -- - -

Nitrite (as Nitrogen) - --- .. ---- --

ORGANICS

Acetone ---- 0.59 160.0 - 5927.4 - 8000.0
Acetonitrile --- ---- --- --- 233.1 -- 500.0
Benzene 0.5 ---- 3.7 0.5 0.12 .~ -

Carbon tetrachloride 0.5 0.96 5.6 - 0.067 0.03 5.0
Chlorobenzene 100 0.05 5.7 .-. 1165.5 20.0 2000.0
Chloroform 6.0 ..-. 5.6 ..- 0.043 0.04 100.0



Table 6-1. Potential Contaminant-Specific ARARs and TBCs for
Preliminary Inorganic and Organic Contaminants of Concern. (Sheet 2 of 2)

RCRA RCRA MTCA WCAA RCRA
TCLP Land Ban Limits Method A Toxic Air Pollutants Corrective Action Levels (1)
Designation Non-wastewater Cleanup Levels ASIL -(Proposed)--
Limits in CCWE CCW Industrial Soil in ug/rn Air Soil
mg in mg/L in mg/kg mgftg in ug/mn in mg/kg

ORGANICS (Continued)

Creosote ---

Cyclohexanone ---- 0.75 - - 333.0
Dibutyl phosphate ..- -. -. - 16.7
1,2-Dichloroethane 0.5 --- 7.2 --. 0.04 0.04 8.0
cis-1,2-Dichloroethylene .-- -. --.- ---- 2630.7
trans-1,2-Dichloroethylene ---- ---- 33.0 ---- 2630.7
Ethanol - ---- .- -... 6327
Ethylbenzene ---- 0.053 6.0 20.0 1448.6 - 8000.0 0Freon II (trichlorofluoromethane) -- 0.96 33.0 -. 18648.0 .-.. --..

] Isopropanol --- - ---- - 3263.4 -

Kerosene --- -- - 200 (TPH) -
Methanol ---- 0.75 - - 865.8 - ----
Methylene chloride --- 0.96 33.0 0.5 2.0 0.3 90.0
Methyl isobutyl ketone ---- 0.33 33.0 - 682.7 70.0 4000.0
Polychlorinated biphenyls - --- -- 10.0 --- - 0.09
Tetrachloroethylene 0.7 0.05 5.6 0.5 1.1 1.0 10.0
Toluene - 0.33 28.0 40.0 1248.8 7000.0 20,000.0
Tributyl phosphate - -- -. --- 8.3
1,1,1-Trichloroethane - 0.41 5.6 20.0 6327.0 1000.0 7000.0
Trichloroethylene 0.5 0.091 5.6 0.5 0.8 .--- 60.0
Vinyl chloride 0.2 ---- 33.0 - 0.023 -
Xylenes (Total) --- 0.15 28.0 20.0 1448.6 1000.0 200,000.0

FOOTNOTES
ASIL = Acceptable Source Impact Level RCRA = Federal Resource Conservation and Recovery Act (1) RCRA Corrective Action Levels are only proposed
CCWE = Constituent Concentration in Waste Extract TCLP = Toxicity Characteristic Leaching Procedure at this time (40 CFR Parn 264 Subpart S), so are
CCW = Constituent Concentration in Waste WCAA = Washington State Clean Air Act not ARARs yet; they are To Be Considered."
MTCA = Washington State Model Toxics Control Act mg/I. milligrams per liter (2) Measured as fibers per cubic meter.

gikg = milligrams per kilogram (3) Total cyanide. 30 mgikg for amenable cyanide.
ug/n' = micrograms per cubic meter



Table 6-2. Potential Location-Specific ARARs. (Sheet 1 of 6)

Location Requirement Prerequisite Citation ARAR

GEOLOGICAL

Within 200 feet of a fault New treatment, storage or disposal of Hazardous waste management 40 CFR 264.18; Not ARABL No

displaced in Holocene time hazardous waste prohibited near Holocene fault WAC 173-303-420 Holocene fault.

Holocene faults and New solid waste disposal facilities prohibited New solid waste management WAC 173-304-130 Not ARAR. No
subsidence areas over faults with displacement in Holocene activities near Holocene fault Holocene fault.

time, and in subsidence areas

Unstable slopes New solid waste disposal areas prohibited New solid waste disposal on WAC 173-304-130 Not ARAR. No
from hills with unstable slopes an unstable slope unstable slope.

100-year floodplains Solid and hazardous waste disposal facilities Solid or hazardous waste 40 CFR 264.18; Potential ARAR.
must be designed, built, operated, and disposal in a 100-year WAC 173-303-420;
maintained to prevent washout floodplain WAC 173-304-460

Avoid adverse effects, minimize potential Actions occurring in a 40 CFR Part 6 Potential ARAR.0
harm, restore/preserve natural and beneficial floodplain Subpart A; 16 USC
values in floodplains 661 et seq; 40 CFR 7p

6.302 : 3

Salt dome and salt bed Placement of non-containerized or bulk liquid Hazardous waste placement in 40 CFR 264.18 Not ARA. None of
formations, underground hazardous wastes is prohibited salt dome, salt bed, mine, or these units. 00
mines, and caves cave



)2 1 2i)*1 12 7 '3

Table 6-2. Potential Location-Specific ARARs. (Sheet 2 of 6)

Location Requirement Prerequisite Citation ARAR
SURFACE WATER

Wetlands New hazardous waste disposal facilities Hazardous waste disposal WAC 173-303-420 Potential ARAR.
prohibited in wetlands (including within 200 within 200 feet of surface
feet of shoreline) water

WAC 173-304-130 Potential ARAR.
New solid waste disposal facilities prohibited Solid waste disposal within 200
within 200 feet of surface water (stream, lake, feet of surface water
pond, river, salt water body)

New solid waste disposal facilities prohibited Solid waste disposal in a WAC 173-304-130 Not ARAR. No
in wetlands (swamps, marshes, bogs, estuaries, wetland (swamp, marsh, bog, wetlands present.
and similar areas) estuary, etc.)

Discharge of dredged or fill materials into Discharges to wetlands and 40 CFR Part 230; Potential ARAR.
wetlands prohibited without a permit navigable waters 33 CFR Parts 303,

and 320 to 330
Minimize potential harm, avoid adverse Construction or management 40 CFR Part 6 Not ARAR. No
effects, preserve and enhance wetlands of property in wetlands Appendix A wetlands present.

Shorelines Actions prohibited within 200 feet of Actions near shorelines Chapter 90.58 RCW; Potential ARAR.
shorelines of statewide significance unless Chapter 173-14 WAC
permitted

Rivers and streams Avoid diversion, channeling or other actions Actions modifying a stream or 40 CFR 6.302 Potential ARAR.
that modify streams or rivers, or adversely river and affecting fish or
affect fish or wildlife habitats and water wildlife
resources

Water code and water Specifies conditions for extracting surface Extracting surface water. Chapter 90.03 RCW Not an ARAR. No
rights water for non-domestic uses. In essence, the surface waters.

laws provide that water extraction must be
consistent with beneficial uses of the resource
and must not be wasteful.

0
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Table 6-2. Potential Location-Specific ARARs. (Sheet 3 of 6)

Location Requirement Prerequisite Citation ARAR

GROUNDWATER

Water code and water
rights

Sole source aquifer

Uppermost aquifer

Aquifer Protection Areas

Groundwater Management
Areas

Specifies conditions for extracting
groundwater for non-domestic uses. In
essence, the laws provide that water
extraction must be consistent with beneficial
uses of the resource and must not be
wasteful.

New solid and hazardous waste land disposal
facilities prohibited over a sole source aquifer

Bottom of lowest liner of new solid waste
disposal facility must be at least 10 feet above
seasonal high water in uppermost aquifer (5
feet if hydraulic gradient controls installed)

Protects the upper aquifers and upper aquifer
zones to avoid depletions, excessive water
level declines, or reductions in water quality.
State regulations for upper aquifer zones are
applicable to remedial alternatives that
involve treating groundwater or presenting
risks of groundwater contamination.

Requires that Ecology review and approve
plans for wastewater treatment facilities that
discharge to groundwater.

Activities restricted within designated Aquifer
Protection Areas

Activities restricted within Ground Water
Management Areas

Extracting groundwater

Disposal over a sole source
aquifer

New solid waste disposal

Activities within an aquifer.

New treatment facilities
discharging to the
groundwater.

Activities within an Aquifer
Protection Area

Activities within a
Groundwater Management
Area

Chapter 90.14 RCW

WAC 173-303402;
WAC 173-304-130

WAC 173-304-130

Chapter 173-154
WAC

Chapter 173-240
WAC

Chapter 36.36 RCW

Chapter 90.44 RCW;
Chapter 173-100
WAC

Not an ARAR.
Groundwater addressed
under 200 West
AAMS.

Not ARAR. No sole
source aquifer.

Not ARAR.
Groundwater is deeper
than 10 feet.

Not an ARAR.
Groundwater addressed
under 200 West
AAMS.

Not an ARAR.
Groundwater addressed
under 200 West
AAMS.

Not ARAR. Not an
Aquifer Protection
Area

Not ARAR. Not a
Groundwater
Management Area.

0 0
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Table 6-2. Potential Location-Specific ARARs. (Sheet 4 of 6)

Location Requirement Prerequisite Citation ARAR
DRINKING WATER SUPPLY

Drinking water supply well New solid waste disposal areas prohibited New solid waste disposal WAC 173-304-130 Not ARAR. No
within 1000 feet upgradient, or 90 days travel within 1000 feet of drinking drinking water supply
time, of drinking water supply well water supply well wells.

Watershed New solid waste disposal areas prohibited New solid waste disposal in a WAC 173-304-130 Not ARAR. Not a
within a watershed used by a public water public watershed public watershed.
supply system for municipal drinking water

AIR

Attainment areas Defines emissions standards and design and Activities in an attainment Chapter 173-434 Potential ARAR.
operation of solid waste incinerator area WAC
facilities. Activities in an attainment area.

Defines when certification of operators is Activities in an attainment Chapter 173-300 Potential ARAR. 0
necessary at incinerators and landfills. area WAC

Non-attainment areas Restrictions on air emissions in areas Activities in a designated non- Chapter 70.94 RCW; Not ARAR. Not a ~
designated as non-attainment areas under attainment area Chapters 173-400 and non-attainment area. W \
state and federal air quality programs 173-403 WAC

00
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Table 6-2. Potential Location-Specific ARARs. (Sheet 5 of 6)

Location Requirement Prerequisite Citation ARAR

SENSITIVE ENVIRONMENTS

Endangered/threatened New solid waste disposal prohibited from New solid waste disposal in WAC 173-304-130 Not ARAR. Not a
species habitats areas designated by US Fish and Wildlife critical habitats critical habitat.

Service as critical habitats for
endangered/threatened species

Actions within critical habitats must conserve Activities where endangered 50 CFR Parts 200 and Potential ARAR.
endangered/threatened species or threatened species exist 402

Parks No new solid waste disposal areas within New solid waste disposal near WAC 173-304-130 Not ARAR. No
1,000 feet of state or national park state/national park state/national park.

Restrictions on activities in areas that are
designated state parks, or Activities in state parks or Chapter 43.51 RCW; Not ARAR. None of
recreation/conservation areas recreation/conservation areas Chapter 352-32 WAC these state areas.

Wilderness areas Actions within designated wilderness areas Activities within designated 16 USC 1131 et seq; Not ARAR. Not a t
must ensure area is preserved and not wilderness areas 50 CFR 35.1 et seq wilderness area.
impaired

Wildlife refuge Restrictions on actions in areas that are part Activities within designated 16 USC 668dd el seq; Not ARAR. Not a oo
of the National Wildlife Refuge System wildlife refuges 50 CFR Part 27 wildlife refuge.

Natural areas preserves Activities restricted in areas designated as Activities within identified Chapter 79.70 RCW; Not ARAR. Not a
having special habitat value (Natural Heritage Natural Area Preserves Chapter 332-60 WAC Natural Area Preserve
Resources)

Wild, scenic, or recreational Avoid actions that would have adverse effects Activities near wild, scenic, 16 USC 1271 et seq; Potential ARAR.
rivers on designated wild, scenic, or recreational and recreational rivers 40 CFR 6.302;

rivers Chapter 79.72 RCW

Columbia River Gorge Restrictions on activities that could affect Activities within the Columbia Chapter 43.97 RCW Not ARAR. Not in
resources in the Columbia River Gorge River Gorge Columbia River Gorge.
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Table 6-2. Potential Location-Specific ARARs. (Sheet 6 of 6)

Location Requirement Prerequisite Citation ARAR
UNIOUE LANDS AND PROPERTIES

Natural resource Restrictions on activities within designated Activities within designated Chapter 79.71 RCW Not ARAR. Not a
conservation areas Conservation Areas Conservation Areas Conservation Area.
Forest lands Activities restricted within state forest lands to Activities within state forest Chapter 76.04 RCW; Not ARAR. Not a

minimize fire hazards and other adverse lands Chapter 332-24 WAC forest land.
impacts

Restrictions on activities in state and federal Activities within state and 16 USC 1601; Not ARAR. Not a
forest lands federal forest lands Chapter 76.09 RCW forest land.

Public lands Activities on public lands are restricted, Activities on state-owned lands Chapter 79.01 RCW Not ARAR. Not a
regulated or proscribed state land.

Scenic vistas Restrictions on activities that can occur in Activities in designated scenic Chapter 47.42 RCW Not ARAR. Not a
designated scenic areas vista areas scenic area.

Historic areas Actions must be taken to preserve and Activities that could affect 16 UST 469, 470 et Not ARAR. No
recover significant artifacts, preserve historic historic or archaeologic sites seQ; historic or archaeologic 1
and archaeologic properties and resources, or artifacts 36 CFR Parts 65 and sites.
and minimize harm to national landmarks 800;

Chapters 27.34, 27.53
and 27.58 RCW

LAND USE

Neighboring properties No new solid waste disposal areas within 100 New solid waste disposal WAC 173-304-130 Not ARAR. Not near
feet of the facility's property line within 100 feet of facility facility boundary.

property line

No new solid waste disposal areas within 250 New solid waste disposal WAC 173-304-130 Not ARAR. No
feet of property line of residential zone within 250 feet of property residential property
properties line of residential property near.

Proximity to airports Disposal of garbage that could attract birds Garbage disposal near airport WAC 173-304-130 Not ARAR. No
prohibited within 10,000 feet (turbojet airports near.
aircraft)/ 5000 feet (piston-type aircraft) of
airport runways
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1 7.0 PRELIMINARY REMEDIAL ACTION TECHNOLOGIES
2
3
4 Previous sections identified contaminants of concern at the Z Plant Aggregate Area,
5 potential routes of exposure, and pohteIa$y applicable or relevant and appropriate
6 requirements (ARARs). Section 7.0 identifies preliminary remedial action objectives (RAOs)
7 and develops preliminary remedial action alternatives consistent with reducing the potential
8 hazards of this contamination and satisfying p4t4da ARARs. The overall objective of this
9 section is to identify viable and innovative remedial action alternatives for media of concern

10 at the Z Plant Aggregate Area.
11
12 The process of identifying viable remedial action alternatives consists of several steps.
13 In Section 7.1, RAOs are first identified. Next, in Section 7.2, general response actions are
14 determined along with specific treatment, resource recovery, and containment technologies
15 within the general response categories. Specific process options belonging to each -

en 16 technology type are identified, and these process options are subsequently screened based on
17 their effectiveness, implementability, and cost (Section 7.3). The combining of process
18 options into alternatives occurs in Section 7.4. Here the alternatives are described and
19 diagrammed. Criteria are then identified in Section 7.5 for preliminary screening of
20 alternatives that may be applicable to the waste management units and unplanned release sites
21 identified in the Z Plant Aggregate Area. Figure 7-1 is a matrix summarizing the

TC 22 development of the remedial action alternatives starting with media-specific RAOs.
23
24 Because of uncertainty regarding the nature and extent of contamination at the Z Plant

"n 25 Aggregate Area waste sites, recommendations for remedial alternatives are general and cover
26 a broad range of actions. Remedial action alternatives will be considered and more fully
27 developed in future focused feasibility studies. The Hanford | Past-Practice Strategy
28 (Thempsen499+ DOERL 1924) is used to focus the range of remedial action alternatives
29 that will be evaluated in focused studies. In general, the Hanford 4U Past-Practice Strategy
30 remedial investigation (RI)/feasibility study (FS) and the Resource Conservation a
31 Recovery Act (RCRA)/Corrective Measures Studies (CMS) are defined as the combination of
32 interim remedial measures (IRMs), limited field investigations (LFIs) for final remedy
33 selection where interim actions are not clearly justified, and focused or aggregate area
34 feasibility/treatability studies for further evaluation of treatment alternatives. After
35 completion of an IRM, data will be evaluated including concurrent characterization and
36 monitoring data to determine if a final remedy can be selected.
37
38 A secondary purpose of the evaluation of preliminary remedial action alternatives is the
39 identification of additional information needed to complete the evaluation. This information
40 may include field data needs and treatability tests of selected technologies. Additional data
41 will be developed for most sites or waste groups during future data gathering activities (e.g.,
42 LFIs, characterization supporting IRM, or treatability studies). These data may be used to
43 refine and supplement the RAOs and proposed alternatives identified in this initial study.
44 Data needs are defined in Section 8.0. Alternatives involving technologies that are not well
45 demonstrated under the conditions of interest are identified in Sections 7.3 and 7.5. These
46 technologies may require bench-scale and pilot-scale treatability studies. The intent is to
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1 conduct treatability studies for promising technologies early in the RI/FS process.
2 Conclusions regarding the feasibility of some individual technologies may change after new
3 data become available.
4
-5 The bias-for-action philosophy of addressing contamination at the Hanford Site requires
6 an expedited process for implementing remedial actions. Implementation of general response
7 actions may be accomplished using an observational or "arn as you go" approach iwhh

t msdm 1b . This observational approach is
9 an iterative process of data acquisition and refinement of the conceptual model. Data needs

10 are determined by the model, and data collected to fulfill these needs are used as additional
11 input to the model. Use of the observational approach while conducting response actions in
12 the 200 Area7 will allow integrating these actions with longer range objectives of final
13 remediation of similar areas and the entire 200 Area. Site characterization and remediation
14 data will be collected concurrently with the use of LFIs, IRMs, and treatability testing. The
15 knowledge gained through these different activities will be applied to similar areas. The
16 overall goal of this approach is convergence on an appropriate response action as early as

r-, 17 possible while continuing to obtain valuable characterization information during remediation
18 phases.
19
20
21 7.1 PRELIMINARY REMEDIAL ACTION OBJECTIVES
22
23 The RAOs are remediation goals for protection of human health and the environment
24 that specify the contaminants and media of concern, exposure pathways, and allowable
25 contaminant levels. The RAOs discussed in this section are considered to be preliminary and
26 may change or be refined as new data are acquired and evaluated.
27
28 The fundamental objective of the corrective action process at the Z Plant Aggregate
29 Area is to protect environmental resources and/or human receptors from the potential threats
30 that may exist because of known or suspected contamination. Specific interim and final
31 RAOs will depend in part on current and reasonable potential future land use in the Z Plant
32 Aggregate Area and the 200 Areas. T'he RAOs a .. .k..nt ccu t the prefrence under
33 R'U, aol~ib mn 'd r, <><I-CEre nsW. perrnaenor sfi tredution of, vol e,, wqxicity,34 a I f rd subWtan .
35
36 Potential future land use will affect the risk-based cleanup objectives, potential ARARs,
37 and point of compliance. The RAOs for protecting human health for rosidontial or
38 agrieultural land use would be based on risk assessment exposure scenarios fequirin; e1e:n;:
39 to lwor ontamninant le:;s than for recroational or industrial land uses. It is important that
40 potential future land use and the RAOs be clearly defined and agreed upon by DOE Wi6,
41 EPA, and Eeelegy $ before further and more detailed evaluation of remedial actions.
42 The Hanford Site riemedial Action Environmental Impact Statement is intended to resolve
43 the land use issues. A Record of Decision (kt for this environmental impact statement is
44 expected in the spring of 1994.
45

7-2



DOE/RL-91-58
Draft B

1 To focus the corrective actions with a bias for action through implementing IRMs,
2 preliminary RAOs are identified for the 200 Areas and Z Plant Aggregate Area. The overall
3 objective for the 200 Areas is as follows:
4
5 Reduce the risk of harmful effects to the environment and human
6 users of the area by 4 reducing the toxicity,
7 mobility, or volume of contaminants from the source areas to meet
8 ARARs or risk-based levels that will allow industrial use of the area
9 (this is a potential final RAO, and an interim action objective based

10 on current use of the 200 Areas).
11
12 The RAOs are further developed in Table 7-1 for media of concern and applicable
13 exposure pathways (see Sections 4.1 and 4.2) for the Z Plant Aggregate Area. The media of
14 concern for the Z Plant Aggregate Area include t&hefllwing:
15
16 * Radiatien entaminated Radhioilide-containted and chemicaaIy-contaminated
17 soils that could result in direct exposure or inhalation tpVr6 rpri# s
18
19 * Contaminated soils that are or could contribute to groundwater contamination;
20
21 * Vadose zone vapors that could cause ambient air impacts or contribute to the
22 lateral and vertical migration of contaminants in the soil and to the groundwatert
23 and
24
25 * Biota that could mobilize radionuclides or chemical contaminants and could

26 thereby degrade the integrity of other controls, such as caps.
27
28 Preliminary contaminant concentration standards that were applied to media-specific
29 RAOs were developed from the preliminary identification of potential ARARs in Section 6.0
30 or by numerical assessment of the expected exposures and associated risks for each
31 contaminant.
32
33 Waste materials currently stored in single-shell tanks that contribute or may contribute
34 contaminants to environmental media will not be addressed by this AAMS program but
35 rather by the Single-Shell Tank dt :Pprogram. In addition, groundwater as an exposure
36 medium is not addressed in this source AAMSR but will be addressed in the 200 West
37 Groundwater AAMSR.
38
39
40 7.2 PRELIMINARY GENERAL RESPONSE ACTIONS
41
42 General response actions represent broad classes of remedial measures that may be
43 appropriate to achieve both interim and final RAOs at the Z Plant Aggregate Area, and are
44 presented in Table 7-2. The following are the general response actions for the Z Plant
45 Aggregate Area followed by brief descriptions:
46
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1 * No action (applicable to specific facilitiest
2
3 * Institutional controls-
4
5 * Waste removal and treatment or disposal-
6
7 * Waste containmentt
8
9 * In situ waste treatmentj-and

10
11 * Combinations of the above actions.
12
13 q

13 Th se generet tespediaton ns ar neddtovrterneo £pin rom n4o
15 a r t sfyteCERCLA preference
16 1~r ~ $f ~ m*x17 haadu usacs No action is included for evaluations as required by theNaionai
17 Environmental Policy Act (NEPA) and National Contingency Plan (NCP) [40 CFR 300.68
18 (f)(1)(v)] to provide a baseline for comparison with other response actions. The no action
19 alternative may be appropriate for some facilities and sources of contamination if risk
20 assessments determine acceptable natural resource or human health risks posed by those
21 sources or facilities and no exceedences of contaminant-specific ARARs occur.
22
23 Institutional controls involve the use of physical barriers or access restrictions to reduce
24 or eliminate public exposure to contamination. Ccnsidcring the nature of tho Z Plant25 Aggrogate Area and the 200 Aroas as a hole, institutional controls Will likely be anl intogra4
26 comfponnt of all intorimn rfnmdial altornativos. Many access and land use restrictions are
27 currently in place at the Hanford Site and will remain in place during implementation of
28 interim remedial measures. B the20U Aeasae already cImittd to
29 term institutional controls may will also be important for final
30 remedial measure alternatives. The dcisions rogarding futuro long torm land use at tho 200

"31 Aroeas will be importmAi in dotormiining whether institutional controls will be a part of the
32 remoedial mceasuro atornmatiNvos, and the typo of controls requirod.
33
34 Waste removal and treatment or disposal involves excavation of contamination sources
35 for eventual treatment and/or disposal either on a small- or large-scale basis. One approach
36 being considered for large-scale waste removal is macro-engineering, which is based on high
37 volume excavation using conventional surface mining technologies. Waste removal on a
38 macro-engineering scale would be used over large areas such as groups of waste management
39 units, operable units, or operational areas as a final remedial action. Waste removal on a
40 small scale would be conducted for individual waste management units on a selective basis.
41 Small-scale waste removal could be conducted as either an interim or final remedial action.
42
43 T ezi ertives for dsosa of he ex cavatewstwoddpndnthvouef
44 solad the far of Ithe tmnns
45
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1 - Soil thiad itaAne&16W Thwvels>oraioclib es 'bht ncI hazardous ;hemicah waste
2 couiid be d 4 'sdPfit xitn ispoa5siesat anford, tr it tduldtbeshipped
3 tzflicensed off-sitedidsps sis.t
4
5 < Soi1 that cotid theica6 cnAmnandt biWo adionucIides could be dispbsed

6 of~2?:c, ti existing of-ieRR-prvdlnfls rdsoe fo iei

7 Haf9rd RCRA-approe landfilL.
8
9 e**~ foi thtwa eigae as"iedw wihbt ow ffivel radionuclides and

10 hazardos~ thmca otamrtiats woidd have tobedssd fitth

12
13 T t filie a for permanent
14 di sd>ws xcaated, t wVuid have tbe
15 temoaii3Miy'stord attHanford vnti atgeb1gi rpository4dsposal site was

S 16 Soicensedad osrted o aThhr disposa Lp
ton i identifled.

17
18 One potential problem with off-site disposal o i&ative asie is the lack of an
19 alternate disposal location that will decrease the potential human exposure over the long time
20 required for many of the contaminants. Waste removal actions may not be needed, or only
21 be required on a small scale, to protect human health or the environment for industrial uses
22 of the 200 Areas.
23
24 Waste treatment involves the use of biological, thermal, physical, or chemical

_25 technologies. Typical treatment options includes biological land farming, thermal processing,
26 soil washing/dechlorination, and fixation/solidification/stabilization. As<descrbed in Section

- -27 7S b5srh 2Yh~~i~~ V .:.jjis n"' o tda b 5f5Y27 .3,soe o te tcholoie tht ave b een use d a,. inutistsmy not be feasible at41~ .... .... ...

28 ihe Hahford Sit. Some treatment technologies may mist be pilot tested athe-highest29 5-eity4ei1te ....... .p.m.nr
29 pi-Y- liies eI. Waste treatment could be conducted

30 either as an interim or final action and may be appropriate in meeting RAOs for all potential
31 future land uses.
32
33 Waste containment includes the use of capping technologies (i.e., capping and grouting)
34 to minimize the driving force for downward or lateral migration of contaminants. Vetia
35 brritrs . an a flbustoinimiz: ate. a migradioad orvent biqta from peetra'ting36~q~j r, ovides th, oyA tIoa mprd
36 in m r Gap g Containment also provides a radiation exposure barrier
37 and barrier to direct exposure. In addition, these barriers provide long-term stability with
38 relatively low maintenance requirements. Containment actions may be appropriate for either
39 interim or final remedial actions.
40
41 In situ waste treatment includes thermal, chemical, physical, and biological technology
42 types, of which there are several specific process options including in situ vitrification, in
43 situ grouting or stabilization, soil flushing, and in situ biotreatment. The distinguishing
44 feature of in situ treatment technologies is the ability to attain RAOs without removing the
45 wastes. The final waste form generally remains in place. This feature is advantageous when
46 exposure during excavation would be significant or when excavation is technically
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1 impractical. In situ treatment can be difficult because the process conditions may not be
2 easily controlled.
3
4 Combinations of the above actionis mlay be used in scveral different altornativoes. For
5 cxaffplc, oontainmoent actionts could be utsod in comnbination with romoflval notionis for highly
6 contaminated areas, and institutional controls (i.e., fenocs and deed roestriotions) to prevent
7 disruption of the containmont systom.
8
9 implomont-ation of the goncral rosponse actions mfay be acoomnplishod using an

10 obsowyatienal approach. Suchi an approachi is iterativo, where cach iteration rosuilts in a moroe
11 rofinod conceptual mockil. Data noeds arc dotormfined by the moldol, and data eollootod aso
12 result of an action to fulfill those needs arc used as additional input to the moedol. Use of the
13 obsor~ationtal approach while conducting rosponse notions of the 200 Aroas will result in tho
14 opportunity for intograting these actions with the longor ranlgo objootivos of final site
15 romoediation including other anlalogue arcas. Site char-actorization anid romoidiation data will

M1c 16 be collected ocncuufently with the uise of LI=Fs, IRMs, and troatability testing to apply
17 irnowlodge gained to simfilar areas. The ovoradl goal of this approach is convorgonoc ona
18 rosponso action as -c-ly as possiblo while continuaing to obtain Yaluiabic oharaeterization

'N 19 information during romediation phases.
20
21 In the next section, specific process options within these technology groups are

C" 22 evaluated.
23
24
25 7.3 TECHNOLOGY SCREENING
26
27 In this section, potentially applicable technology types and process options are
28 identified. These process options are then screened using effectiveness, implementability,
29 and relative cost as criteria to eliminate those process options that would not be feasible at
30 the site. The remaining applicable processes are then grouped into remedial alternatives in
31 Sections 7.4.
32
33 The effectiveness criteria focus on: (1) the potential effectiveness of process options in
34 handling the estimated areas or volumes of media and meeting the remedial action objetivos
35 RAMs; (2) the potential impacts to human health and the environment during the construction
36 and implementation phase; and (3) how proven and reliable the process is with respect to the
37 contaminants and conditions at the site. These criteria also concentrate on the ability of a
38 process option to treat a contaminant type (organics, inorganics, metals, radionuclides, etc.)
39 rather than a specific contaminant (nitrate, cyanide, chromium, plutonium, etc.).
40
41 The implementability criteria place greater emphasis on the institutional aspects of
42 implementability, such as the ability to obtain necessary permits for off-site actions; the
43 availability of treatment, storage, and disposal services; and the availability of necessary
44 equipment and skilled workers to implement the technology. They also focus on the process
45 option's developmental status, whether it is an experimental or established technology.
46
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1 The relative cost criteria are an estimate of the overall cost of a process, including
2 capital and operating costs. At this stage in the process, the cost analysis is made on the
3 basis of engineering judgement, and each process is evaluated as to whether costs are high,
4 medium, or low relative to other process options.
5 ~
6 A process option is rated effective if it can handle the amount of area or media
7 required, if it does not impact hu man health or the environment during the construction and
8 implementation phases, and if it is a proven or reliable process with respect to the
9 contaminants and conditions at the site. Also a process option is considered more effective if

10 it treats a wide range of contaminants rather than a specific contaminant. An example of a
11 very effective process option would be vitrification because it treats inorganics, metals, and
12 radionuclides. On the other hand, chemical reduction may only treat chromium (VI), making
13 it a less useful option.
14
15 An easily implemented process option is one that is an established technology; uses -

T 16 readily available equipment and skilled workers; uses treatment, storage, and disposal
17 services that are readily available; and has few regulatory constraints. Preference is given to
18 technologies that are easily implemented.
19
20 Preference is given to lower cost options, but cost is not an exclusionary criterion. A
21 process option is not eliminated based on cost alone.
22
23 Results of the screening process are shown in Table 7-3. Brief descriptions are given
24 of the process options, followed by comments regarding the evaluation criteria. The last
25 column of the table indicates whether the process option is rejected or carried forward for
26 possible alternative formation. The table first lists technologies that address soil RAOs.
27 Next, technologies pertaining to biota RAOs are presented. All the biota-specific
28 technologies happen to be technologies that were listed for soil RAOs. Air RAOs are dealt
29 with as soil remediation issues because the air contamination is a result of the contaminants
30 in the soil; addressing and remediating the air pathways would be unnecessary and ineffective
31 as long as there is soil contamination. If the soil is remediated, the source of the air
32 contamination would be removed.
33
34 The conclusions column of Table 7-3 indicates that besides no action, monitoring, 3
35 institutional process options, and 16 other process options are retained for further
36 development of alternatives. These options are carried forward into the development of
37 preliminary alternatives.
38
39
40 7.4 PRELIMINARY REMEDIAL ACTION ALTERNATIVES
41
42 This section develops and describes several remedial alternatives applicable to disposal
43 sites that contain hazardous chemicals, radionuclides, and volatile zdetivatik organic
44 compounds. These alternatives are not intended as recommended actions for any individual
45 site U, ,, but are intended only to provide potential options applicable to most sites it
46 where multiple contaminants are present. Selection of actual remedial alternatives that
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1 should be applied to the individual sites "@ would be partly based on future expedited or
2 interim actions and limited field investigations, as recommended in Section 9.0 of this report.
3 Selection of proper alternatives would be conducted within the framework of the Hanford
4 S Past-Practice Strategy (Thempsen- E 1992a), and the strategy outlined in5 Section 9.4. Ths a be based in , Ieecefortolatinand
6 perAnNt tree
7
8 The remedial alternatives are developed in Section 7.4.1. Then, in Section 7.4.2
9 through Section 7.4.7, the remedial action alternatives are described. Detailed evaluations

10 and costs are not provided because site-specific conditions must be further investigated before11 meaningful evaluations can be conducted.
12
13
14 7.4.1 Development of Remedial Alternatives
15
16 Potentially feasible remedial technologies were described and evaluated in Section 7.3.
17 Some of those technologies have been proven to be effective and constructible at industrial
18 waste sites, while other technologies are in the developmental stages. EPA guidance (19 4988b) on feasibility studies for uncontrolled waste management units recommends that a
20 limited number of candidate technologies be grouped into "Remedial Alternatives." For this
21 study, technologies were combined to develop remedial alternatives and provide at least one
22 alternative for each of the following general strategies:
23
24 0 No actiont
25
26 * Institutional controlst
27
28 * Removal, above-ground treatment, and disposal-
29
30 * Containmenti-aid
31
32 * In situ treatment.
33
34 The alternatives are intended to treat all or a major component of the Z Plant
35 Aggregate Area contaminated waste management units or unplanned releases. Consistent
36 with the development of RAOs and technologies, alternatives were developed based on
37 treating classes of compounds (radionuclides, heavy metals, inorganics, and organics) rather
38 than specific contaminants. At a minimum, the alternative must be a complete package. For
39 example, disposal of radionuclide-contaminated soil must be combined with excavation and
40 backfilling of the excavated site .
41
42 One important factor in the development of the preliminary remedial action alternatives
43 is the fact that radionuclides, heavy metals, and some inorganic compounds cannot be
44 destroyed. Rather, these compounds must be physically immobilized, contained, isolated, or
45 chemically converted to less mobile forms to satisfy RAOs. Organic compounds can be
46 destroyed, but may represent a small amount of the overall contamination at the ZRlAnt
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A' Area Both no action and institutional controls are required as part of CERCLA
RI/FS guidance. The purpose of including both of these alternatives is to provide decision
makers with information on the entire range of available remedial actions.

For the containment alternative, an engineered multimedia cover, with or without
vertical barriers (depending on the specifics of the remediation) was selected. Two
alternatives were selected to represent the excavation and treatment strategy. One of these
deals with disposal of transur-anie n&-contaminated soils. Finally, three in situ alternatives
were identified. One deals with vapor extraction for volatile organic compounds, one with
stabilization of soils, and the other with vitrification of soils.

It is recognized that this does not represent an exhaustive list of all applicable
alternatives. However, these do provide a reasonable range of remedial actions that are
likely to be evaluated in future feasibility studies. The remedial action alternatives are
summarized as follows:

* No action-

* Institutional controlst

* Engineered multimedia cover with or without vertical barriers (containment)4
Feasble ertial brries inhud siurry wals and grout curtaiis

* In situ grouting or stabilization of soil (in situ treatment)-,

* Excavation, above-ground treatment, and disposal of soil (removal, treatment,
and disposal)-. Feasib sechn gs organic compounds include thermal
pTcesing and silizatidn. Feasible tehnifgies'tor radionnclides inbiude ,sqi

wsng, "'rMiadn ad sWab...a...

* In situ vitrification of soil (in situ treatment)t

* Excavation, treatment, and geologic disposal of soil containing traneurani TOU
iRadionuclides (removal, treatment, and disposal)t

* In situ soil vapor extraction of volatile organic compounds (in situ treatment).

These alternatives, with the exception of no action and institutional controls, were
created because they satisfy a number of RAOs simultaneously and use technologies that are
appropriate for a wide range of contaminant types. For example, constructing an engineered
multi-media cover can effectively contain radionuclides, heavy metals, inorganic compounds,
and organic compounds simultaneously. It satisfies the RAOs of protecting human health and
the environment from exposures from contaminated soil, bio-mobilization, and airborne
contaminants. It is possible that some waste management units may require a combination of
the identified alternatives to completely address all contaminants. In situ soil vapor
extraction is more Mft fiih specific than the other alternatives, but it addresses a
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1 contaminant class (volatile organic compounds) that is not easily treated using the other
2 options, such as in situ stabilization. It is possible that some waste management units may
3 require a combination of the identified alternatives to completely address all contaminants.
4
5 The use of contaminant-specific remedial technologies was avoided because there
6 appear to be few, if any, waste management units where a single contaminant has been
7 identified. It is possible to construct alternatives that include several contaminant-specific
8 technologies, but the number of combinations of technologies would result in an
9 unmanageable number of alternatives. Moreover, the possible presence of unidentified

10 contaminants may render specific alternatives unusable. Alternatives may be refined as more
11 contamination data are acquired. For now, the alternatives will be directed at remediating
12 the major classes of compounds (radionuclides, heavy metals, inorganics, and organics).
13
14 In all action alternatives except the no action alternative, it is assumed that monitoring
15 and institutional controls are required, although they may be temporary. These features are

N 16 not explicitly mentioned, and details are purposely omitted until a more detailed evaluation17 may be performed in subsequent studies. At scomany mywf................ ..... ATi
18 W8 the aIteratves, dringmlmnain
19
20 In the next sections, the preliminary remedial action alternatives are described in more
21 detail, with the exception of the no action and institutional control options.
22
23
24 7.4.2 Alternative 1-Engineered Multimedia Cover with or without Vertical Barriers
25
26 Alternative 1 consists of an engineered multi-media cover. Vertical barriers such as
27 grout curtains or slurry walls may be used in conjunction with the cover. Figure 7-2 shows
28 a schematic diagram of an engineered multi-media cover without the vertical barriers. If the
29 affected area includes either a naturally occurring or engineered depression, then imported
30 backfill would be placed to control runoff and run-on water. The engineered cover itself
31 may consist of eley f i-grand . soid, gravel, sand, asphalt, tisoil, andr.geo7syntheticd
32 liners. A liquid collection layer could also be included. The specific details of the cover and
33 vertical barriers would be the subject of ia focused FS',.' 4e
34 s st .e dtperformace testi. The barrier would be designed to
35 minimize infiltration of surface water and to minimize biological intrusion (e.g., deep-rooting
36 plants and burrowing animals). The covered area would be fenced, and warning signs
37 posted.
38
39 Alternative 1 would provide a permanent cover over the affected area. The cover
40 would accomplish the following: reduce migration of surface runoff into the affected soil;
41 reduce the migration of windblown dust that originated from contaminated surface soils;
42 reduce the potential for direct exposure to contaminated-sei lih; and reduce the volatilization
43 of volatile organic compounds and tritium to the atmosphere. If vertical barriers are
44 included, they would limit the amount of lateral migration of contaminants.
45
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This altdtnahve ss.j... .t...A.im..ti&fs. I ib i t &d sImpl .I d -,the
pdtemh&1 fkr direct >xp 'ur"an t retiu1i thepo&ia fhrinYffibriHon tW surfade water finto

...~ <>. Th. .....$1 ~.' POMAV9N'' .. " < A$,21%, 'KA a

th >ilXCte s.4> Thi aerhnxd b woul . 'o euthe voueor'txeyo h

delcctio; ndthe poshepesencetot corrosive organic~ compqunds. Per&odpiw ipec..<s

adinoau .... ..... I
Th tcholgesfo isalin mli& $ ap rela tiveyw oven based i

nno reatabiity tess are
jxpeed o be eqitd for the coyrs. Verti6a& barriers to ctrffiteral migration in the

vadsezone are s refor the vertical barriers
Pr expcte to ereuird

15 7.4.3 Alternative 2-In Situ Grouting or Stabilization of Soil
16

Radioactive and hazardous soil would be grouted in this alternative using in situ
injection methods to significantly reduce the leachability of hazardous contaminants,
radionuclides and/or Stfevolatile organic compounds from the affected soil. Tbf 'lI'
bhas not$benpen t eefciefrvltl orgaii comA4ds, so it is not recomnmended.... ..s~ t~ . ...%',,+ .. . ,e

SU Grouting may also be used to fill
voids, such as in cribs, thereby reducing subsidence. Another variation of this alternative
would be to stabilize the soil using in situ mixing of soil with stabilizing compounds such as
pozzolanics or fly ash.

Figure 7-3 shows a schematic diagram of the in situ grout injection process. Greuting
wedls would be insts)lld and soreened throughout the affetd vtical zones. Spc ially

fcrmulatcd ment geout (dtermined by troatability stedios) Noeld bo injeetd and allowed to
cure. In situ stabilization woetuld b condutd in a simila r manner, xept a cutting head too
would gi used to b gxix the atinatod soil with stabilizing ecempnds fed into th soil.

theuge.oThsomthon has~~ como ben sd t 'fotfi la ses.o oldont
depth ofnathet 4.6rmt(m5tfb)

A2dinati.e b ap mIbtzon of inmenadt oed

metal radinuclde, ad binrgan icaeiustie srganii oaina n dhseti

ateti he euc mr n s re rdfater grin the r aet ed toil; c the

.t~aial .... at ...... .r~'~~ Ja ..e...nje-6te d inotesIl trouhprsi

d45t~r: ab d&46aWdl all
Alternatve 2 woudprovidraycombiationeo pimoiizton and ctinmentohev

metal raiouie an inranc "d ..i6h 4 cotmnt. Thus, 1 . this... .n

migration of windblown dust that originated from contaminated surface soils; reduce the
potential for direct exposure to contaminated soils; and reduce the volatilization of volatile

46 organic compounds.
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1in :situ groutig has be n d m nt A A t ic b e fctvefOrcsta tilIZat1Of of mietalsand
2 smivlat'ecrganlocompdtunds ateera CERCLAites. owever, tbis is congideredtto be3 a deveopyIng tchn&ooy, anitts performance foriemedato o;~ftdfouldes and vdlatile

4 &iganicvc~rfopids has not yet been Ju4ly provehvn. Therefre tj.epce ta h
5 folwn retblt tests: ndzpnvio swudvbe requied on a ggse-by-case basis for te
6 

r

7
8 br yts tdevefpV1 a Pptimm bendotabihzation compciundsto9ss. 1mo ilz 8ainld s Ifls and ,ra i 'Ipo d..............9

10
11 i Fied tets t determin the1ejksacing and grout injection methods that o
12 be used to ensure'that tl etire afecdara.a adqatK gutd
13
14 B A s r w remva the oL it sflily
15 Wha R9ombwAM "A~iRM'eeS.,.5 that 4 com .conat o n ~ rs~'~,t~. o istiu al controPs, baps, and vertical barriers might alno be requijredh

fl' 16
17
18 7.4.4 Alternative 3-Excavation, Soil Treatment, and Disposal

7! 19
20 Under Alternative 3, radioactive and hazardous soil would be excavated using
21 conventional techniques, with special precautions to minimize fugitive dust generation. R*
t' 22 wa a soas um d ha sho t lo ho ing w ouild bo instlled to facilitate the zxoax'ation.

23 Depedin o6th& configurtio fthe ariatobe exaa, shrn mih be required to24 y. The excavated
25 soil would be treated above ground. Several treatment options could be selected from the26 physical, chemical, and thermal treatment process options screened in Section 7.3. For
27 example, thermal desorption with off-gas treatment could be used if organic compounds are
28 present; soil washing could be used to remove contaminated silts and sands or specific
29 compounds; and stabilization could be used to immobilize radionuclides and heavy metals.
30 The specific treatment method would depend on site-specific conditions ( ;;;,;;,e ;;, pat
31 threugh-bonchsatosting). Treatb it . e, termine the specifk
32 t =a0=tent s methodolgy. The treated soil would be backfilled into the original
33 excavation or landfilled. Soil treatment by-products may require additional processing or
34 treatment. Figure 7-4 shows a schematic diagram of this alternative.
35
36 Alternative 3 would be effective in treating a full range of contamination, depending on
37 the type of treatment processes selected. Attainment of soil RAOs would depend on the
38 depth to which the soil was excavated. If near surface soil was treated, airborne
39 contamination, direct exposure to contaminated soil, and bio-mobilization of contamination
40 would be minimized. Because of practical limits on deep excavation, deep contamination
41 may not be removed and would be subject to migration into groundwater. Alternative 3
42 could be used in conjunction with Alternative I (multi-media cap) to reduce this possibility.
43

44 A comhbbtinoi oftlabratory treatabilitytests and pifttscale feld tests might b
45 .. redtoeveopThe 4ptimum meh ds fora berod treatmnto the excavated soi1.
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1 The specificatin bf th& requied treatabili tests woulddped es henturem ef, ,e
2 conainantsat each off the remediation sites.
3
4
5 7.4.5' Alternative 4-In Situ Vitrification of Soil
6

In this alternative, the contaminated soil in a subject site would be immobilized by in
situ vitrification. Tr s wu b I det if

0 utg ni'ts Figure 7-5 shows a schematic diagram of the alternative. Import fill
would initially be placed over the affected area to reduce exposures to the remediation
workers from surface contamination. High power electrodes would be used to vitrify the soil
under the site, down to a depth below where contamination is present. A large fume hood
would be constructed over the site before the start of the vitrification process to collect and
treat emissions. After completion of the vitrification, the site would be built back to original
grade with imported backfill. Fences and warning signs may be placed around the vitrified
monolith to minimize disturbance and potential exposure.

In situ vitrification would be effective in treating radionuclide, heavy metal, and
inorganic contamination and may also destroy organic contaminants. This would reduce the
potential for exposures by leaching to groundwater, windblown dust and direct dermal
contact. However, this alternative would not reduce the mass or toxicity of the radionuclides
present on site. Also, in situ vitrification may be limited to depths of less than about 30.5
meters (100 feet), which may not be adequate to immobilize deep contamination.

Zf rgaic cmpondsar prtse in the affect+ a Ya h5n ihey coti4dnmigrate taterally
anD g ve y gte itrft pr ss, as a'fes;-t soil heating in the zones outide

f ta ed rovisins for cllectng
an retn orai pr.Tis~ could be doe using a combination of soil venting wells

It should be noted that in situ vitrification is a relatively new technology which is
experiencing some "growing pains", Ad has jet bee.sedfor a a e p I a

|i. Therefore, using this technology at the Hanford Site will likely require
extensive pilot testing.

7.4.6 Alternative 5-Excavation, Above-Ground Treatment, and Geologic Disposal of
Soil with Transuranie %V, Radionuclides

Figure 7 6 shows a schematic diagr-am of Alternativc 5. it is assumed that sheet pile
shoing would be inistalled to facilitate the excav.ationi. Special excavation procedures would
have to be used to minimnize fuigitive dust. Nont transuiraflie "overburden" may have to be
remoeved, tempore-fly stored, anld returned to the exca-vation after: the trantseuanic soil was
rcmoevcd. Imported backfill would be used to restore the site to original grade. Thc
excavated tranlsurfafie soil would be vitrified or stabilized by ant above groutnd treatmfent
platnt. The vitrified or stabilized soil would then be shipped to a transuranic waste
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I ropository. Lonig torfn storage maay ho required until a utboaclycudhosdan
2 eenattd. Aft onginoorod
3 cmltdittordcoxorot yomnngcnmiaonn~ surafic soils.
4

6 SMWHiMIM ''" a 1mAgement un s the Z Ant Aggregate Ar may coni

6 io aeo one wo etheconn a n ofTRUradonclies xceds100 n~ig <6r6 N'.I:. ft7 A*ternativq, thW li fmh ' ou bK txavatd, s-ilz&1d h Ead9

d dip s. disposh n vet een10 aceSeVtso iteri strg ofte ajizei s aybe equredun h i10 coStRuce
11
12 Fig7-6 showC schemAitic dfagr Af A.naiv f.lepehding on 'the

13 confiuaiow oQth afetdaea hrn maybefrequwead durng execavanion to comply wiTh14 w*rker fty tegulations~ an to miimizethe amount& f exvated'sdil. Speciai exdaiion
15 prcdrsw:dhv obeue oniiieftiv duTi.4 the excavated soiJ -would be

-16 sortd accordin t Kts RUoncentrti6. Th with TRU rdion lids exceeding' 400
17 G~/ ol eete irfe rstabiized usig a above-ground treatment plarm, the~n18 strdutla welged oas aiit a avaiiabke.

S19
20 h x di TRU adpnulides a~t, concentrations ess. than
21 TOO~lan ol etrae sn acmiao of the technfolis &&ibed inSection

Atreated to ahevapproprtexcleanuptandards it
-23 bebcfledit h 6iiiAnak ecaation. Ai'ternativdly,'ihe nio-TUsiokbedpod

24 ofat anapproprnate 1and~,t imponed. fill, material would bt used t6 ?estore the unit tonis
"25 8riginatpade. lJf'the r.stdual unexcavated soil or the treate dl used tor backfill qontained
*26 contmancs at focnr'atjos xe edin& the' RAosthe / oniaino negne
27 dp4e and teticl barres(lentne1 h ae <t e iahedati tent to prevent
28 direc exoueor grondwaterimpacts.

29 r

20 Thsauernative twds iiuiiehmatnyexfavation and treatmnit technologis that. have

If", .a t .Y r ....1U\4h- . ... .. .

32 y sites.Etensive Vreatability testing would be
32 rqurd o heTU-2>ann soil to develop optimum mrethqds for treating or stabilizing34 th4 TR raipflds Atina&treaabilty studies might be required'to support the

34 aove-roud tratmnt o th nonTRUsoil.
35
36 For Alternative 5, soil containing trasurnie TR radionuclides at concentrations
37 exceeding 100 nCi/g would be excavated, treated, and disposed 6t. Thus, ptnilepsr38 to and migration of 4reasuranie TR-ase would be mpiizd otential exposure 

39 other contaminants would be determined by other remedial alternatives implemented. At
40 sites containing tr=urie TRU and non-TRO *1ansufaie wastes, the use of Alternative 5
41 alone may not satisfy all RAOs.
42
43

7-14



DOE/RL-91-58
Draft B

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

- 20
21
22
23
24
25
26
27

- 28
29
30

C' 31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

7.4.7 Alternative 6-In Situ Soil Vapor Extraction for Volatile Organic Compounds

uigr howa amlie diagra t aP?eptiuVd iilau eretonn
$6i vaxo is. 4tnted fr wells that+ f&e Acrentii pemhiesoit'-zonoeht contii highoraevprcnenrtos h emdarwudb treted tciYrimove wiaer u

orgae vaor t eecer, paucua~e aduudids te miht e entind un thia'air streamf
iftigr7dshows qEI commoni mt.

nr aoNgpes al ad n g
lre exracd W ppr mso 0 No the

vaauun pumps. ef the one aeditW a
nen r wa d or'dIsposed of in an appropriae mann&. Patda

.- ..." .... .. : . .... < .. ,... . ..rndnu'bdes that-were entraine el.r strerm cnb ff rmoved usn
~~~~~- dd"hta cy~~

conemona HghEiniecvPJatule i (ETEPA) Sftars.The &gan< va tr banks'.of
t tA d Ava..i..e..tr. no ncw artois

reuaini? the disWsA 6 i cnjdered a RCRA factiliyvthen~ th& offgastreatmet
sysm mst lsosatisfy RORA emso :trt , a''* ,-'en j~e

excedin % ercet hve ft ' benrqed for soil y4Qr &4raibn systemis atlhndustrial
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eW p g d remxpump dsign. .A.nalysis of the vnted4 gas

dreqgited ptts oudb oetoass ht ye ffgas emisioncontrois Would be

Figure 7 7 shows a schemlatic diagram of a rreoatvsilaprxrcinsystemf.
The oilvapr etratio sytemwoud consist of venting wells, mfanifold piping,

condensed watier collectors, 1igh Efcec Patiult Ai f ilters, and a catayic oxdzer-,
The condensed wae mih otl oaieognccmpounds and radienuclides, so it
mnight have to be disposed of as radioactive mfixed waste. The vented alt mfay-containa
radionluclide conitaning dust pticls sohih ficeny atilate Air Filters would be
installed to remove th1-clt ainclds h otdvpors would be treated by the
catalytic incineratrfEto provide at east 9~dsrcin

a oy s ~sotlIn situ soil vaporextracto is a poetehooyfremvlfvlatile organic compound, from the vadose
zone soils .''>: sie.Slvao
extraction wouldrdc onadmgaino h volatile organic compound vapors
through the vadose zone, and thereby minimize potential cross-media migration into the
groundwater. Soil vapor extraction would reduce upward migration of volatile organic
compound through the soil column into the atmosphere, and thereby minimize inhalation
exposures to the contaminants. In some cases the radionuclides were discharged to the

dR"Medal-4tes 6 as aqueous wastewater that contained the radionuclides
dissolved in carrier solutions consisting of surfactants and volatile organic compound (e.g.,
carbon tetrachloride). Removal of the volatile organic compound by implementing soil vapor
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I extraction could reduce the mobility of the radionuclides, and thereby reduce the potential for
2 downward migration of the radionuclides. Finally, soil vapor extraction would enhance
3 partitioning of the volatile organic compound off of the soil and into the vented air stream,
4 resulting in the permanent removal and destruction of the volatile organic compound.
5 Alternative 6 may be used in conjunction with other alternatives if contaminants other than
6 volatile organic compounds are present.
7
8
9 7.5 PRELIMINARY REMEDIAL ACTION ALTERNATIVES APPLICABLE TO

10 WASTE MANAGEMENT UNITS AND UNPLANNED RELEASE SITES
11
12 The purpose of this section is to discuss which preliminary remedial action alternatives
13 could be used to remediate each Z Plant Aggregate Area waste management unit or
14 unplanned release site. The criteria used for deciding this are as follows:
15

N7 16 * Installing an engineered multimedia cover with or without vertical barriers
17 (Alternative 1) could be used on any site £ht where contaminants may be leached
18 or mobilized by surface water infiltration or if surface/near-surface contamination
19 exists.
20
21 * In situ grouting or stabilization (Alternative 2) could be used on any waste
22 management unit or unplanned release site that contains heavy metals,
23 radionuclides, and/or other inorganic compounds. In situ grouting could also be
24 effective in filling voids for subsidence control.
25
26 * Excavation and soil treatment (Alternative 3) could be used at most waste
27 management units or unplanned release sites that contain radionuclides, heavy
28 metals, other inorganics compounds, and/r semivolatile organic compounds *Nd
29 unds
30
31 * In situ vitrification (Alternative 4) could be used at most waste management units
32 or unplanned release sites, although vapor extraction may be needed when
33 volatile organic compounds are present. Waste management units or unplanned
34 release sites where in situ vitrification may not be effective include reverse wells
35 and other sites where the contamination is present in a very narrow geometry. In
36 situ vitrification is also not considered for surface spills.
37
38 * Excavation, treatment, and geologic disposal of t:ansu:r:ie T ROU-containing soils
39 (Alternative 5) could only be used on those 5ites was g uniis and
40 p that contain trasureaie TRU radionuclides. Since a geologic
41 repository is likely to accept only ts.anie TU radioactive soils, the
42 nonjflj teastranie radioactive soils will not be remediated using this
43 alternative.
44
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* In situ soil vapor extraction (Alternative 6) could be used on any waste
management unit or unplanned release site M that contains volatile organic
compounds.

Using these criteria, Table 7-4 was created showing possible preliminary remedial
action alternatives that could be used to remediate each of the waste management units and
unplanned release# sites. Each waste management unit or unplanned release site may require
just one alternative or a combination of many alternatives. Furthermore, similar sies uits
may be remediated simultaneously. Also, more specific waste treatment alternatives could be
identified and evaluated as more information is obtained. Note that a single alternative may............................. ............not be sufficient to remediate all contamination at a single s*e

"pa esite. For example, soil vapor extraction could precede in situ vitrification
to remove organic contaminants. Also, different combinations of technologies are possible
besides those presented in these preliminary alternatives. Table 7-4 excludes site : ,its that
are covered by other programs. For example, single-shell tanks are excluded because they
are addressed by the sSingle-sghell 6ank C§ture program.

Technology development studies will be needed for the in situ vitrification process; and
treatability studies will be needed for the in situ grouting or stabilization process and soil
treatment processes to make sure that they will effectively remediate the contaminants.
Specifically, organic waste mobility may be a problem for in situ vitrification; grouting
agents and the resulting reduction of contaminant leachability will need to be determined
before in situ grouting can be performed; and appropriate treatment protocols and systems
will need to be identified before soil washing can be used. Capping, soil vapor extraction,
and disposal options are all proven processes, but they may require site-specific performance
assessment (treatability) studies.

Focused feasibility studies will be required to evaluate alternative designs for all of the
alternatives evaluated, as they relate to the specific waste management unit being remediated.
A site-by-site economic evaluation is also required before making a decision. This evaluation
will require site-specific information obtained in LFIs and feeased FFSs.
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Figure 7-2. Alternative 1: Multimedia Cover.
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Figure 7-3. Alternative 2: In Situ Grouting of Soil.
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Figure 7-6. Alternative 5: Excavation, Vitrification, and Geologic Disposal of Soil with TRU Radionuclides.
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Table 7-1. Preliminary Remedial Action Objectives

0

and General Response Actions. (Sheet I of 2)

Remedial Action Objectives

Environmental
Media Human Health Environmental Protection General Response Actions

Soils/ * Prevent ingestion, inhalation, or direct * Prevent migration of radionuclides and * No Action
Sediments contact with solids containing radioactive hazardous constituents that would result in

and/or hazardous constituents present at groundwater, surface water, air, or biota * Institutional Controls/Monitoring
concentrations above MTCA and DOE contamination with constituents at
standards for industrial sites (or concentrations exceeding ARARs. * Waste Removal, Treatment, and Disposal
subsequent risk-based standards).

* Waste Containment
* Remediate soils containing TRU

contamination above 100 nCi/g in . In Situ Treatment
accordance with 40 CFR 191
requirements.

* Prevent leaching of contaminants from
the soil into the groundwater that would
cause groundwater concentrations to
exceed MTCA and DOE standards at
the compliance point location.

Biota 0 Prevent bio-uptake by plants. * Prevent bio-uptake of radioactive * No Action
contaminants.

* Prevent disturbance of engineered 0 Institutional Controls/Monitoring
barriers by biota.

* Waste Removal, Treatment, and Disposal

* Waste Containment

* In Situ Treatment

Air (1) * Prevent inhalation of contaminated * Prevent adverse environmental impacts on
airborne particulates and/or volatile local biota.
emissions exceeding MTCA and DOE
limits from soils/sediments.

* Prevent accidental release from collapse
of containment structures.

Settling Tank * Interim stabilization of tanks and ancillary . Removal of Drainable Liquid/Isolation of
Waste piping and transfer facilities to prevent Source Materials for Environment

release to the environment (remediation
will be remanded to RCRA). * Interim stabilization of tanks, ancillary

piping, and transfer facilities

0
[00

00



9 2 12 i 4 1 311)

Table 7-1. Preliminary Remedial Action Objectives
and General Response Actions. (Sheet 2 of 2)

Remedial Action Objectives

Environmental
Media Human Health Environmental Protection General Response Actions

Buried * Prevent leakage of liquids from buried * Prevent wind erosion of soil cover material * No Action/Inslitutional Controls/
Containers containers that would cause groundwater that would expose buried wastes. Monitoring

concentrations to exceed MTCA
standards at the compliance point 0 Prevent wind erosion of contaminated soil * Wind Barriers Installed
location, or which could result in that would lead to exposure exceeding
volatilization emissions of leaking MTCA or DCGs. * Capping
chemicals to the atmosphere. * Drum Removal

* Subsurface Barriers

Note: (1) No General Response Actions are required for the air because soil remediation will eliminate the air contamination source.

U
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Table 7-2. Preliminary Remedial Action Technologies. (Sheet 1 of 3)

General Response
Media Action Technology Type Process Option Contaminants Treated

Soil No Action No Action No Action NA

Institutional Controls Land Use Restrictions Deed Restrictions NA

Access Controls Signs/Fences NA

Entry Control NA

Monitoring Monitoring NA

Containment Capping Multi-Media I,MR,O

Vertical Barriers Slurry Walls IM,R,O

Grout Curtains I,MR,O

Cryogenic Walls I,M,R,O

Dust & Vapor Suppression Membranes/Sealants/ I,M,R,O
Wind Breaks/Wetting
Agents 00

Excavation Excavation Standard Construction I,M,R,O
Equipment

Treatment Thermal Treatment Vitrification I,MR,O

Incineration 0

Thermal Desorption 0

Calcination I,MR,0

Chemical Treatment Chemical Reduction M

Hydrolysis 1,0

Chemical 0
Dechlorination
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Table 7-2. Preliminary Remedial Action Technologies. (Sheet 2 of 3)

General Response
Media Action Technology Type Process Option Contaminants Treated

Physical Treatment

Disposal

In Situ Treatment

Biological Treatment

Landfill Disposal

Geologic Repository

Thermal Treatment

Chemical Treatment

Physical Treatment

Biological Treatment

Soil Washing

Solvent Extraction

Physical Separation

Fixation/Solidification/St
abilization

Containerization

Aerobic (Landfarming)

Anaerobic

On-site Landfill

Off-site Landfill

Geologic Repository

Vitrification

Thermal Desorption

Reduction

Soil Flushing

Vapor Extraction

Grouting

Fixation/Solidification/
Stabilization

Aerobic

Anaerobic

I,M,R,O

0

I,M,R,O

I,M,R,O

I,M,R,O

0

0

I,M,R,O

I,M,O

T (I,M,O, non-transuranic
radionuclides if mixed with

T)
I,M,R,O

0

M,O

I,M,R,O

0

I,M,R

I,M,R,O

0

0
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Table 7-2. Preliminary Remedial Action Technologies. (Sheet 3 of 3)

General Response
Media Action Technology Type Process Option Contaminants Treated
Biota No Action No Action No Action NA

Institutional Controls Land Use Restrictions Deed Restrictions NA

Access Controls Signs/Fences NA

Entry Control NA
Monitoring Monitoring NA

Excavation Excavation Standard Construction I,M,R,O
Equipment

Disposal Landfill Disposal Landfill Disposal I,M,R,O
Containment Capping ' Multi-Media I,M,R,O

I = Other Inorganics contaminants applicability
M = Heavy Metals contaminants applicability
R = Radionuclide contaminants applicability
O = Organic contaminants applicability
NA = Not Applicable
T = Transuranic Radionuclides applicability
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Table 7-3. Screening of Process Options. (Sheet 1 of 10)

Technology Relative

Type Process Option Description Effectiveness Implementability Cost Conclusions

SOIL TECHNOLOGIES:

No Action No Action Do nothing to cleanup the Not effective in reducing Easily implemented, but Low Retained as a
contamination or reduce the the contamination or might not be acceptable to "baseline" case.
exposure pathways. exposure pathways. regulatory agencies, local

governments, and the public.

Land Use Deed Restrictions Identify contaminated areas and Depends on continued Administrative decision is Low Retained to be used
Restrictions prohibit certain land uses such implementation. Does easily implemented. in conjunction with

as farming. not reduce contamination. other process
options.

Access Signs/Fences Install a fence and signs around Effective if the fence and Easily implemented. Low Retained to be used
Controls areas of soil contamination, signs are maintained. Restrictions on future land in conjunction with

use, other process 0
options.

Entry Control Install a guard/monitoring Very effective in keeping Equipment and personnel Low Retained to be used
system to prevent people from people out of the easily implemented and in conjunction with WZ

becoming exposed. contaminated areas. readily available. other process
options. 00

Monitoring Monitoring Analyze soil and soil gas Does not reduce the Easily implemented. Low Retained to be used
samples for contaminants and contamination, but is Standard technology. in conjunction with
scan with radiation detectors. very effective in tracking other process

the contaminant levels. options.

Capping Multi-Media Fine soil over synthetic Effective on all types Easily implemented. Mediu Retained because
membrane or other layers of contaminants, not Restrictions on future m of potential
and covered with soil; likely to crack. Likely land use will be effectiveness and
applied over contaminated to hold up over time. necessary. implementability.
areas.



Table 7-3. Screening of Process Options. (Sheet 2 of 10)
Technology Relative

Type Process Option Description Effectiveness Implementability Cost Conclusions
Vertical Slurry Walls Trench around areas of Effective in blocking Commonly used practice Mediu Retained forBarriers contamination is filled with lateral movement of all and easily implemented m shallow

Grout Curtains

Cryogenic Walls

Membranes/
Sealants/Wind
Breaks/Wetting
Agents

a soil (or cement) bentonite
slurry.

Pressure injection of grout
in a regular pattern of
drilled holes.

Circulate refrigerant in pipes
surrounding the
contaminated site to create a
frozen curtain with the pond
water.

Using membranes, sealants,
wind breaks, or wetting
agents on top of the
contaminated soil to keep
the contaminants from
becoming airborne.

types of soil
contamination. May
not be effective for
deep contamination.

Effective in blocking
lateral movement of all
types of soil
contamination.

Effective in blocking
lateral movement of all
types of soil
contamination.

Effective in blocking
the airborne pathways
of all the soil
contaminants, but may
require regular
upkeep.

with standard earth
moving equipment. May
not be possible for deep
contamination.

Commonly used practice
and easily implementable,
but depends on soil type.
May be difficult to ensure
continuous wall.

Specialized engineering
design required.
Requires ongoing
freezing.

Commonly used practice
and very easy to
implement, but land
restrictions will be
necessary.

contamination.

Mediu Retained because
m of potential

effectiveness and
implementability.

Mediu Rejected because it
m is difficult to

implement.

Low Rejected because of
limited duration of
integrity and
protection.

Excavation Standard Moving soil around the site Effective in moving Equipment and workers Low Retained becauseExcavating and loading soil onto and transporting soil to are readily available of potentialEquipment process system equipment. vehicles for effectiveness and
transportation, and for implementability.
grading the surface.

U)

Dust and
Vapor
Suppression

to

0
0

00
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Table 7-3. Screening of Process Options. (Sheet 3 of 10)

Technology Relative

Type Process Option Description Effectiveness Implementability Cost Conclusions

Convert soil to glassy
materials by application of
electric current.

Destroy organics by
combustion in a fluidized
bed, kiln, etc.

Organic volatilization at 150
to 4000C (300 to 800 0F) by
heating contaminated soil
followed by off gas
treatment.

Thermal
Treatment

Vitrification High Retained because
of potential ability
to immobilize
radionuclides and
destroy organics.

High Rejected because of
potential air
emissions and
wastewater
generation and low
organic content of
soils.

Mediu Retained because
m of potential

effectiveness and
implementability.

S

Effective in destroying
organics and
immobilizing the
inorganics and
radionuclides. Off-gas
treatment for volatiles;
and gaseous
radionuclides may be
required.

Effectively destroys
the organic soil
contaminants. Some
heavy metals will
volatilize.
Radionuclides will not
be treated.

Effectively destroys
the organic soil
contaminants. Heavy
metals less likely to
volatilize than in high
temperature
treatments.
Radionuclides will not
be treated.

Implementable.
Commercial units are
available. Laboratory
testing required to
determine additives,
operating conditions, and
off gas treatment. Must
pre-treat soil to reduce
size of large materials.

Implementable.
Technology is well
developed. Mobile units
are available for relatively
small soil quantities. Off-
site treatment is available.
Air emissions and
wastewater generation
should be addressed.

Potentially
implementable.
Successfully demonstrated
on a pilot-scale level.
Full-scale remediation yet
to be demonstrated. Pilot
testing essential.

C

Incineration

Thermal
Desorption

Uy
231

U

0LA
00r



Table 7-3. Screening of Process Options. (Sheet 4 of 10)
Technology 

Relative
Type Process Option Description Effectiveness Implementability Cost Conclusions

Calcination High temperature Effective i

Hydrolysis

Chemical
Dechlorination

decomposition of solids into
separate solid and gaseous
components without air
contact.

Treat soils with a reducing
agent to convert
contaminants to a more
stable or less toxic form.

Acid- or base-catalyst
reaction in water to break
down contaminants to less
toxic components.

Detoxify chlorinated organic
chemicals by reaction with
organic reagents.

n e
decomposition of

inorganics such as
hydroxides,
carbonates, nitrates,
sulfates, and sulfites.
Removes organic

components but does
not combust them
because of the absence
of air. Radionuclides
will not be treated.

May be effective in
treating heavy metal
soil contaminants.
Radioactivity will not
be reduced.

Very effective on

compounds generally
classified as reactive.
Limited effectiveness
on stable compounds.
Radioactivity will not
be reduced.

Not commonly used on
the chlorinated

been identified at Z
Plant.

Cmnercially available.
Most often used for
concentration and volume
reduction of liquid or

aqueous waste. Off-gas
treatment is required.

Difficult to implement.

Virtually untested on
treating soils. Competing
reactions may reduce
efficiency.

Difficult to implement.
Common industrial

process. Use for
treatment of soils not well
demonstrated.

Difficult to implement.

Requires soil washing or
solvent extraction before
use-.

difficult
implementation.

High Rejected because of
limited
effectiveness on
non-liquid or
aqueous wastes.

Mediu Rejected because of

m limited applicability
and implementation
problems.

Mediu Rejected because of
m limited

effectiveness and
unproven for soils.

High Rejected because of
limited
effectiveness and

Chemical
Treatment

c.

Chemical
Reduction

U
2.
w
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0
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Table 7-3. Screening of Process Options. (Sheet 5 of 10)

Technology Relative
Type Process Option Description Effectiveness Implementability Cost Conclusions

Physical Soil Washing Leaching of waste Effectiveness is Implementable. Media Retained because
Treatment constituents from contaminant specific. Treatability tests are m of potential

contaminated soil using a Effective with sandy necessary. Well effectiveness and
washing solution. soils. May work with developed technology and implementability.

only low level commercially available.
radiologically Requires treatment of the
contaminated soil. rejected water.
May not work with
humus soil. Generally
more effective on
contaminants than
partition to the fine 0
soil fraction. 0
Radioactivity will not
be reduced.

Solvent Contacting a solvent with The selected solvent is Implementable. Media Rejected because
Extraction contaminated soils to often just as hazardous Laboratory testing m the solvent may

preferentially dissolve the as the contaminants necessary to determine lead to further
contaminants into the presented in the waste. appropriate solvent and contamination.
solvent. May lead to further operating conditions.

contamination.
Radioactivity will not
be reduced.

Physical Separating soil into size Effective as a Implementable. Low Retained because
Separation fractions. concentration process Most often used as a of potential

for all contaminants pretreatment to be effectiveness and
that partition to a combined with another implementability.
specific soil size technology. Equipment is
fraction. readily available.
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Table 7-3. Screening of Process Options. (Sheet 6 of 10)
Technology Relative

Type Process Option Description Effectiveness Implementability Cost Conclusions

Fixation/ Form low permeability solid Effective in reducing Implementable. Mediu Retained because
Solidification/ matrix by mixing soil with inorganic and Stabilization has been m of potential
Stabilization cement, asphalt, or radionuclide mobility. implemented for site effectiveness and

polymeric materials. Effectiveness for remediations. Treatability implementability.
organic stabilization is studies are needed.
highly dependent on Volume of waste is
the binding agent. increased.

Containerization Enclosing a volume of waste Effective for difficult May be implementable Low Retained because
within an inert jacket or to stabilize, extremely for low concentration of potential
container. hazardous, or reactive waste. Disposal or safe effectiveness and

waste. Reduces the storage of containers implementability.
mobility of required. Regulatory
radionuclides. constraints may prevent

disposal of containers
with certain waste types.

Biological Aerobic Microbial degradation in an Effectiveness is very Potentially Mediu Rejected because of
Treatment (Landfarming) oxygen-rich environment. contaminant- and implementable. m limited applicability

concentration-specific. Various options are and difficult
Treatment has been commercially available to implementation.
demonstrated on a produce contaminant
variety of organic degradation. Treatability
compounds. Not tests are required to
effective on inorganics determine site-specific
or radionuclides. conditions.

Anaerobic Microbial degradation in an Effectiveness is Potentially Media Rejected because of
oxygen deficient contaminant- and implementable. m limited applicability
environment. concentration-specific. Various options are and difficult

Treatment has been commercially available to implementation.
demonstrated on a produce contaminant
variety of organic degradation. Treatability
compounds. Not tests are required to
effective on inorganics determine site-specific
or radionuclides. conditions.
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Table 7-3. Screening of Process Options. (Sheet 7 of 10)

Technology Relative
Type Process Option Description Effectiveness Implementability Cost Conclusions

Disposal Landfill Disposal Place contaminated soil in Does not reduce the Easily implemented if Mediu Retained because

an existing on-site landfill or soil contamination but sufficient storage is m of potential

off-site RCRA landfill. moves all forms of available in an approved effectiveness and
contamination to a landfill area. implementability.
more secure place.

Geologic Put the contaminated or Does not reduce the Difficult to implement High Retained because
Repository pretreated soil in a safe soil contamination, but because of limited site of effectiveness on

geologic repository. is a very effective availability, and permits transuranic wastes.
long-term method of for transporting
storing radionuclides. radioactive wastes are
Probably unnecessary hard to get. Requires
for nonradioactive pretreatment of
waste. contaminated soil.

In Situ Vitrification Electrodes are inserted into Effective in Potentially High Retained because
o Thermal the soil and a carbon/glass immobilizing implementable. of potential ability W 2

Treatment frit is placed between the radionuclides and most Implementability depends to immobilize
electrodes to act as a starter inorganics. Effectively on site configuration, radionuclides and 0*

path for initial melt to take destroys some organics e.g., lateral and vertical destroy organics.
place. through pyrolysis. extent of contamination.

Some volatilization of Treatability studies
organics and required.
inorganics may occur.

Thermal Soil is heated in situ by Effective for removal Implementable for Mediu Rejected because of
Desorption radio-frequency electrodes of volatile and semi- shallow organics m limited

or other means of heating to volatile organics from contamination. Not applicability.
temperatures in the 80 to soil. Ineffective for implementable for
400*C (200 to 750*F) range most morganics and radionuclides and
thereby causing desorption radionuclides. inorganics. Emission
of volatile and semi-volatile Contaminants are treatment and treatability
organics from the soil. transferred from soil to studies required.

air.
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Table 7-3. Screening of Process Options. (Sheet 8 of 10)
Technology Relative

Type Process Option Description Effectiveness Implementability Cost Conclusions

In Situ Chemical Reducing agent is added to Effective for certain Difficult to implement in mw Rejected because of
Chemical Reduction the soil to change oxidation inorganics, e.g., situ because of limited applicability
Treatment state of target contaminant. chromium. Ineffective distribution requirements and implementation

for organics. Limited for reducing agent. problems.
applicability.

In Situ Soil Flushing Solutions are injected Potentially effective Difficult to implement. Mediu Rejected because of
Physical through injection system to for all contaminants. Not implementable for m implementation
Treatment flush and extract Effectiveness depends complex mixtures of problems.

contaminants. on chemical additives contaminants. Flushing
and hydrogeology. solution difficult to
Flushing solutions recover. Chemical
posing environmental additives likely to pose
threat likely to be environmental threat.
needed. Difficult
recovery of flushing
solution.

Vapor Extraction Vacuum is applied by use of Effective for volatile Easily implementable for Mediu Retained for
wells inducing a pressure organics. Ineffective proper site conditions. m potential
gradient that causes volatiles for semivolatile Requires emission application to
to flow through air spaces organics, inorganics, treatment for organics and volatile organics.
between soil particles to the and radionuclides. capture system for
extraction wells. Emission treatment radionuclides and

required. volatilized metals.

Grouting Involves drilling and Effective in limiting Implementable as barrier Mediu Retained because
injection of grout to form migration of leachate, and for filling voids. m of ability to limit
barrier or injection to fill but difficult to Implementability depends contaminant
voids. maintain barrier on site conditions. migration and

integrity. Potentially potential use for
effective in filling filling void spaces.
voids.

1 137 f is

0

0

'0

00



Table 7-3. Screening of Process Options. (Sheet 9 of 10)

Technology Relative
Type Process Option Description Effectiveness Implementability Cost Conclusions

Fixation/ Solidification agent is Effective for Implementable. Mediu Retained because
Solidification/ applied to soil by mixing in inorganics and Treatability studies m of potential
Stabilization place. radionuclides. required to select proper effectiveness and

Potentially effective additives. Thorough implementability.
for organics. characterization of
Effectiveness depends subsurface conditions and
on site conditions and continuous monitoring
additives used. required.

In Situ Aerobic Microbial growth utilizing Effective for most Difficult to implement. Low Rejected because of
Biological organic contaminants as organics under proper Treatability studies and limited applicability
Treatment substrate is enhanced by conditions. Ineffective thorough subsurface and difficult

injection of or spraying with for inorganics and characterization required. implementation. 0
oxygen source and nutrients. radionuclides.

Anaerobic Microbial growth utilizing Effective for some Difficult to implement. Low Rejected because of
organic contaminants as volatile and complex Anoxic ground conditions limited applicability t\
substrate is enhanced by organics. Not required. Treatability and difficult
addition of nutrients. effective for inorganics studies and thorough implementation.

and radionuclides. subsurface
characterization
necessary.

BIOTA TECHNOLOGIES:

No Action No Action Do nothing to cleanup the Not effective in Easily implemented, but Low Retained as a
contamination or reduce the reducing the might not be acceptable to "baseline"case.
exposure pathways. contamination or regulatory agencies, local

exposure pathways. governments, and the
public.

Land Use Deed Restrictions Identify contaminated areas Ineffective if entered. Administrative decision is Low Retained to be used
Restrictions and prohibit certain land Does not reduce easily implemented. in conjunction with

uses such as agriculture. contamination. other process
options.
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Table 7-3. Screening of Process Options. (Sheet 10 of 10)
Technology Relative

Type Process Option Description Effectiveness Implementability Cost Conclusions

Access Signs/Fences Install a fence and signs Effective in limiting Easily implemented. Low Retained to be used
Controls around areas of access if fencing is Restrictions on future in conjunction with

contamination to keep maintained. land use. other process
people out and the biota in. options.

Entry Control Install a guard/monitoring Very effective in Easily implemented Low Retained to be used
system to eliminate people keeping people out of equipment and personnel in conjunction with
from coming in contact with the contaminated and readily available. other process
the contamination. areas, options.

Monitoring Monitoring Biota sampling and testing Does not reduce the Easily implemented. Low Retained to be used
for contaminants. contamination, but is Standard Technology. in conjunction with

very effective tracking other process U
the contaminant levels. options. 0

Capping Multi-Media Fine soil over synthetic Effective in reducing Easily implemented. Mediu Retained because
membrane or other layers the uptake of Restrictions on future m of potential
and covered with soil; contaminants, not land use will also be effectiveness and
applied over contaminated likely to crack. Likely necessary. implementability. 0
areas. to hold up over time.

Excavation Standard Remove affected biota and Effective in moving Easily implemented. Low Retained because
Excavating load it onto process system and transporting biota. Equipment and workers of potential
Equipment equipment. are readily available. effectiveness and

implementability.

Disposal Landfill Disposal Place contaminated biota in Does not reduce the Easily implemented if Mediu Retained because
an existing landfill. biota contamination but sufficient storage is m of potential

moves all of the available in landfill. effectiveness and
contamination to a implementability.
more secure place.
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Table 7-4. Preliminary Remedial Action Alternatives
Management Units and Unplanned Release Sites.

Applicable to Waste
(Sheet 1 of 4)

Alt 5.
Alt 1. Excavation, Above- Alt 6.

Engineered Alt 2. Alt 3. Alt 4. Ground Treatment, In Situ Soil Vapor
Multimedia Cover In Situ Excavation, In Situ and Geologic Extraction for

Waste Management Unit or Unplanned Release With or Without Grouting or Soil Treatment, Vitrification Disposal of Volatile Organic
Vertical Barriers Stabilization and Disposal of Soil Transuranic Soil Compounds

Tanks and Vaults:

216-Z-8 Settling Tank 1: ___

241-Z-361 Settling Tank 0 0

Cribs and Drains

216-Z-1 & 216-Z-2 Cribs 0 0 0 0

216-Z-3 Crib 0 a 0 0

216-Z-5 Crib 0 0 0 0

216-Z-6 Crib 0 00 

216-Z-7 Crib 0

216-Z-12 Crib 0

216-Z-16 Crib 0 0 0 0

216-Z-18 Crib 0 9 0 0

216-Z- French Drain 0 0 a 0

216-Z-13 French Drain (1) 0 0 0 0

216-Z-14 French Drain (1) 0 0 0

216-Z-15 French Drain (1) 0 0 0 _

216-Z-lA Tile Field o a 0 0

,1 3 ' 13

pa

U

w

e

'0

00
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Table 7-4. Preliminary Remedial Action AlternatiVes Applicable to Waste
Management Units and Unplanned Release Sites.

Alt 5.
Alt 1. Excavation, Above- Alt 6.

Engineered Alt 2. Alt 3. Air 4. Ground Treatment, In Situ Soil Vapor
Multimedia Cover In Situ Excavation, In Situ and Geologic Extraction for

Waste Management Unit or Unplanned Release With or Without Grouting or Soil Treatment, Vitrification Disposal of Volatile Organic
Vertical Barriers Stabilization and Disposal of Soil Transuranic Soil Compounds

- Reverse Wells

216-Z-10 Reverse Well

_________________________________________Ponds; Ditches, and Trenches J

216-Z-4 Trench 0

216-Z-9 Trench 0

216-Z-17 Trench 0

Septic Tanks and Associated Drain Fields

2607-Z Septic Tank and Drain Field (1) 0 0 0

2607-Z-1 Septic Tank and Drain Field (1) 0 0 0 0

2607-WA Septic Tank and Drain Field (1) 0 0 0 0

2607-WB Septic Tank and Drain Field (1) a 0 0 0

2607-W-8 Septic Tank and Drain Field (1) 0 0 1 0

- . - Transfer Eacilities, Diversion Boxes and Pipelines

241-Z Diversion Box No. 1 0 0 0 0

241-Z Diversion Box No. 2 0 0

231-Z-151 Sump 0 0

Basins

241-Z Retention Basin 0 a

216-Z-21 Seepage Basin (1) 0 0

-k
t

LA
0

(Sheet 2 of 4)
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Table 7-4. Preliminary Remedial Action Alternatives Applicable to Waste
Management Units and Unplanned Release Sites. (Sheet 3 of 4)

Alt 5.
Alt 1. Excavation, Above- Alt 6.

Engineered Alt 2. Alt 3. Alt 4. Ground TYeatment, In Situ Soil Vapor
Multimedia Cover In Situ Excavation, In Situ and Geologic Extraction for

Waste Management Unit or Unplanned Release With or Without Grouting or Soil Treatment, Vitrification Disposal of Volatile Organic
Vertical Barriers Stabilization and Disposal of Soil Transuranic Soil Compounds

Burial Sites

218-W-1 Burial Ground 0 0 0 0

218-V/-IA Burial Ground 0 000

218-W-2 Burial Ground 4 0 0 0

218-W-3 Burial Ground a 4 0 4 0

218-W-4A Burial Ground 0 0 0 0

218-W-11 Burial Ground 00 0

Z Plant Bum Pit 4 4 0

-- - -- -______Unplanned Releases ---

UN-200-W-11 0 4 4 0

UPR-200-W-16 0 0 4

UN-200-W-23 0 0 4 0 0

UPR-200-W-26 00 4 0

UN-200-W-44 0

UPR-200-W-53 . 0

UPR-200-W-72 0 0 0 0

UPR-200-W-84 0

UN-200-W-89 (2)

UN-200-W-90 (2) 1 1

0 0

C)

u0
Pa

\0~

00
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Table 7-4. Preliminary Remedial Action Alternatives
Management Units and Unplanned Release Sites.

Applicable to Waste
(Sheet 4 of 4)

Alt 5.
Alt 1. Excavation, Above- Alt 6.

Engineered Alt 2. Alt 3. Alt 4. Ground Treatment, In Situ Soil Vapor
Multimedia Cover In Situ Excavation, In Situ and Geologic Extraction for

Waste Management Unit or Unplanned Release With or Without Grouting or Soil Treatment, Vitrification Disposal of Volatile Organic
Vertical Barriers Stabilization and Disposal of Soil Transuranic Soil Compounds

UN-200-W-91 4 4 4

UN-200-W-103

UN-200-W-130 0 0 0

UPR-200-W-134 0

UPR-200-W-158 

UN-200-W-159 (2)

Notes: (1) This is an active unit.
(2) Records indicate that all environmental contamination resulting from this unplanned release was removed and disposed. Therefore no applicable alternative(s)

was identified.

0

'L

0
60
0
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8.0 DATA QUALITY OBJECTIVES1
is 2

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

~" 27
28
29

r3 30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

8-1

As d e n e, The Z Plant Aggregate Area Management Study
(AAMS), as part of the Hanford $Q4 Past-Practice Strategy, is designed to focus the RI/FS
process, integrated with the RFI/CMS process for RCRA sites, toward an ultimate goal of
comprehensive cleanup or closure of all contaminated areas in the Z Plant Aggregate Area at
the -Hanferd Site at the earliest possible date and in the most effective manner. The
fundamental principle of @Hanford 4§ Past-Practice Strategy is a "bias for action" which
emphasizes the maximum use of existing data to sherten xpdiIe the RI/FS process as well
as allow decisions about work that can be done at the site early in the process, such as
expedited response actions (ERAs), interim remedial measures (IRMs), limited field
investigations (LFIs), and focused feasibility studies (FFS). TheAva havea4adybee

decrbe inprevious secTions 22., 3.0 land 4.) Reeito lentvsaedsrbdi
seti:47..Hwe, Ddata, whether existing or newly-acquired, can only be used for
these purposes if it meets the requirements of data quality as defined by the data quality
objective (DQO) process developed by the EPA for use at CERCLA sites (EPA 1987).
However, due to the limited ta-get cmpDond listfgct analyte list used in the EPA Contract
Laboratory Program (CLP) rceutine anqalytical services the EPA DQO mnethodology has becnl
A dified te mere accurately reflect the analytical and operational concerns at the Hanford
Site. This moedification introduces a twoE tered process-wher-eb screening : anid validated data

.......guidanc d for:DQOdevclopment(PA 1987), the process is descnbed
asivligtresaeswihhv~enue in the rganIzation of th9e flwng sectIons:

We have, however, maintalned the three stage prcssdfne-y-P-n-h uiac
documfent for DQO developmfent (E .1987. The process invoelves the followinlg three
stages:

* Stage 1 Identify decision types (Section 8. 1)
* Stage 2 Identify data uses and needs (Section 8.2);-and
e Stage 3 Design a data collection program (Section 8.3).

These stages have been used as the basis Ifo pesentinig the DQOs for the Z Plant
S.AMS, as motdified by the twoe tiered data quality srtegy develoeped by Westinghous
Hanfiard. Included within these sections are discussions of comparable requiremenits that
eanfermf to DOE 5790.6fl, Quality Assurance (923/86), Quality 4stiraat- Prcg a:."Dcurcc- fo NucA -lear Fai~ies (ANSI/ASME, 1989), anid Interm Guidelines and
Spqeelfi eadorsfn for Prg Quality As-surance Poject Plans (EPA 1983b). These thre
docuiments formf the basis of the queAity assurancee programf at the limford Site afid will be
used int conjunction with the EPA guidance to establish afid definte the D)QGs for the Z Plant
Aggregate Area and evaluate the qult of th vaIlable data.
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1 8.1 DECISION TYPES (STAGE 1)
2
3 Stage 1 of the DQO process is undertaken to identify:
4
5 * The decision makers (thus data users) relying on the data to be developed
6 (Section 8.l.1)
7 * The data available to make these decisions (Section 8.1.2);
8 Thquaiiy fM eexsting data(c
9 * The conceptual model intb which these data must be incorporated (Section

10 8.1.34)yiand
11 The objectives and decisions which must evolve from the data (Section 8.1.4.).
12
13 These issues serve to define the types of remediation and risk assessment decisions
14 which will be made for subsequent Z Plant Aggregate Area corrective and remedial actions.
15
16
17 8.1.1 Data Users
18
19 The data users for the Z Plant AAMS (and subsequent investigations such as LFIs,
20 RI/FSs, and RFIs/CMSs) are:
21
22 * The decision makers for policies and strategies on remedial action at the Hanford
23 Site. These are the signatories of the Tri-Party Agreement, (Ecology et al. 1990)
24 including:
25 The U.S. D ptont oent of E)ergg (E gy

S26 
Vfl

27 'The Environmental Protection Agency (EPA)-aftd
28 The Wa1hingtgn Sto Dplgy)
29 Tpa f ery (t).
30
31 Nominally, these responsibilities are assigned to the heads of these agencies (the
32 Secretary of Energy for DOE, the Administrator of EPA [and the Region 10
33 Regional Administrator], and the Director of Ecology). The EPA Regional
34 Administrator and the Ecology Director have delegated oversight responsibilities
35 to the Federal Facilities Branch and the Hanford Project Office, respectively.
36 DOE issues responsibilities and authorities for quality assurance policy
37 coordination and overview, development, implementation, and evaluation through
38 DOE 5700.6B, Quality Assurance.
39
40 * Unit managers of Westinghouse Hanford, and pfOtetialy other Hanford Site
41 contractors who will be tasked with implementing remedial activities at the Z
42 Plant Aggregate Area. Staff of these contractors will have to make the
43 imwplowemvntatien d(isiansc d 0 in about appropriate
44 scheduling of activities and allocation of resources (funding, personnel, and
45 equipment) to accomplish the recommendations of the AAMS.
46

8-2
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* Concerned members of the wider community involved with the Hanford Site.
These may include:
*j Other states ( Oregon and Idaho),

Other fcdzral agencies,Mo
Affected Indian tribes;

* Special interest groups-,and
The general public.

These latte* groups will be involved in the decision process through the implementation
of the Community Relations Plan (GRP Ecljogy 44.99), and will apply their concerns
through the "primary" data users, the signatories of the Tri-Party Agreement.

The needs of the above listed users will play a pivotal role in defining the DQs .
relevant to speific reedial and co ec:te activities .f q liy Som of this

8.1.2 Available Information

The Hanford Past-Practice Strategy presents a strategy for meeting the statutory
requirements and integrating CERCLA RI/FS and RCRA RFI/CMS guidance. The Hanford
90 Past-Practice Strategy specifies a "bias for action" which promotes the fii-ifig use of
existing data with a limited and focused RI/FS or RFI/CMS process. This "bias f:r act:ion"
eenccpt was first promoted in the Proposed Rule for the revised (10 CER Pan4 300) and
demoenstrates both EPA's and DOE's commitment to streamlining the decision mfating
process at remedial actien sites. The use of exEisting data, w.ith appropriate qualifiers, foi
mfairing informned decisions abouit fuink: samfpling and analysis needs, remfediation
alternatives, and risk assessmnent objectives helps to expedite and fuirther foceus subsequent
program atic nee However, this emphasis can only be implemented if the existing data is:: adequate for the purposes listed.

Available data for the Z Plant Aggregate Area are presented in Sections 2.0, 3.0, and
4.0 ai th Opica repots p i y.. As described in Section 1.2.2, data are
needed to address the following issues:

* Issue 1: Facility and process descriptions and operational histories for waste
sources (Sections 2.2% and 2.3,1ad, 2 4}

* Issue 2: Waste disposal records defining the dates of disposal, waste types, and
waste quantities (Sections 2.3 and 2 .4)

* Issue 3: Sampling events of waste effluent and affected media (Sections 2.3 and
4.1);

* Issue 4: Site conditions including the site physiography, geology, hydrology,
meteorology, ecology, demography, and archaeology (Section 3.0),

8-3
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1 * Issue 5: Environmental monitoring data for affected media including air, surface
2 water, sediment, soil, groundwater, and biota (Section 4. 1, except that
3 groundwater data is i5 presented in the separate 200 West Groundwater
4 Aggregate Area Management Study );-ad
5
6 * Issue 6: Environmental parameter measurements needed to characterize fate and
7 transport of contaminants (Section 4Z).
8
9 A major requirement for adequate characterization of the area of conmern

10 i.... is the identification of the chemical and radiological constituents associated with the11 sites, with a ::ew toward determining the bjtf r t ifyin n of concern at
12 speei: and theifrealPdistribuuon >h* et eac of e waste management units i
13 Z The data reported for the various waste management units in14 the Z Plant Aggregate Area ( 4-,4 nd4-3 have been found
15 to describe:
16
17 * Inventory. Generally estimated from chemical process data and emphasizing
18 radionuclides. Tbe.e atareepeciay> niit&d regrdng reconstictin wPf er"y
19 oprtosatvtesn evn h niostrectdata are baset5nVeryjje*20 samplxngevenos,$ossWblynn-prtesentatveof tle. logtr aotivity ofthe wase
21 

data a
21maaemn uit.Geealy oInvenry daawere jdentified for' upplanned-

22 re&eses. (Issues 1 and 2)
23
24* Surface Radiological Surveys. Undifferentiated radiation levels, without
25 identification of radionuclides present, presented in terms of the extent of alpha,26 beta, and gamma radiation in excess of background levels. These historical'data
27 ' an a ce o ftbe adio ativ e
28 oAminatirnthey purprttmesrbcas II'f .th&h lc bfirdionuclide
29 i~ f ~ ~~ 

A290,~, idntfiatinan4he1ike ,,od tat changes havoccxrred (at, 'esto <sura
31
32 * External Radiation Monitoring. Similar to the surface radiological surveys but33 providing less information because with a fixed-point thermoluminescent detector
34 (TLD) no spatial distribution is provided. In addition, data are also available for35 some TLDs placed at points not associated with specific waste management units.36 T d dn d eA radI udepeis (Issue 5)
37
38 * Waste, Soil, or Sediment Sampling. These include sediment sampling in39 basins, ponds, cribs, and ditches. There is JJ 21 unplanned releases as
40 listed in Table 2 1. Iit ps t iinanifd s.am..... programs ihave been41 "p.~ atj~t~<42 codctd at h 21-Z$ATh kI4Fi \Price' et aLt 979)., the 2J6-Z-9 Trench42 (Sith 973) the216Zf2'Crb Kapr 981),th 216-Z-18 Crib, the246-Z-8

43 Fenc Dai An & h 1--, 1--A, 1--B 218-W-4C,ad4421i8-W-5 Burial Grouhds.' Howdver, lah6oraaayses have generally been
45 ~ prformed fr a 'md nmbet of 4&ast tuen Ls) e.~g mriaijnm and' plutbdnirn,

46 r arontetaclid,,ad lited nmber 'ofsampes. Nolaboratory testing
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a Soil Physical and Chemical Properties. Moisture contents, particle size
distributions, and calcium carbonate contents have been measured in soil samples
from monitoring wells (p'ir nea the .oW-keve1 buril grond) in the Z
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.r... a. .. Uuafty assurance .dcu entainff h were ide ftified t
SR'da. (Issue 5)

* Griamplng. There is also a set of soil sampling and analysis data which was
conducted for several years on a grid pattern that extends across all three
operable units in the Z Plant Aggregate Area. These data indicate impacts from
historical operations at the Hanford Site in the vicinity of the grid points.
However, the impacts cannot be ascribed to particular units and do not contribute
to the decision-making process on a unit-by-unit basis tMAybsed to

" Biota Sampling. These data could assist assessment of radiological
contamination through bio-uptake and -transfer. The sampling points include:
soil grid point 2W22 (rabbit feces), 231-Z fenceline (rabbit feces), a site west of
Z Plant (mouse feces), 2f 6Z-2 :S K&0Ag Bsin;(aquati\ v Udi ) and the 216-
Z-10 Crib (rabbit feces). (Issue 5)

* Borehole Geophysics. These data, for a number of waste management units
which discharged to the soil column (selected cribs and french drains) were
designed to detect the presence of radionuclides (ythei gamma-day4rdti6n) in
the subsurface and to indicate whether these materials are migrating vertically. A

Est f tesesureys hathav ben conduced inteZ Plant Aggrgate Area is................................
inc uded in the flata Vaplgge Toptcal Reportppreared' for this study(Cha'ness et
aL 1994). T:hes dataare kd bythe. 4miho's15inbiity toydenttfy speciflc

ad4ds s I ate aury ocnrringrs
ero oiblrdAes;s 'ariatrnonsyirquahty cotr$1 furthe iitir

flesides thesb strical def 4ddtlonal bar1hole g<ophysicld w b

aval~e hrogh he Rdioaele tgig Sys em (<SA, beingtirikd but athr nd Supr e4AMS process. Lke tht priVius
(grosI gntaa og ndct4 ate mAnagemenL njtS in

camnot detect some
spce f ainelo oevr nketego gamma surveys, the R4S is

designedfto id nfy indxvidual radionulide species tfrruih their charactenic
gasmina r ph99on eng leves.~ lt'sho6&lt th b ta dIUerendate'nawram
opcurinagradicnu& e Jmrsuinfrom gIeases. It should also like
gross gun lgiAntt< iie. to sess. th& vtrtica extent of the presengp pf te
radionuceiies xa wib inuhtnesed in te Zh nt
Aggregate.Are. ln np
(Issue 5)
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I Plant Aggregate Area. These parameters can be used to estimate transport of
2 contaminants in the subsurface. (Issue 6)
3
4 Basdt n the above'.suwmary, the'data ar cosdrdt eo varying quality. Thiese data

5 hav notbenvatdateda pr'cess eneraly reqi~tredtor rsasessmeint or final ROD
6 prpoes.Mos o th daa ae bse onfied mthoswhich are generally apphicable only7 o r sc e e m g p u p o e a d a n b e u s d o o u s f u u r a ti i d s (% .g sa m p lin g an d a a y si s

8 pas)
9

10 ThcdrjbhiePed be dficn in one irmpre >f the6fdllowig ways:
11
12 e oeiehd hc aebe sdi h atare unai'ble 16 idiff&retiate the

13 arius adinucdeswhih my hve eenpreen aflthe tinme of the survey.
14
15 * Teeeseoatosav echanged (espeiay by rernediation acvides)
16
17
18

19 eTheP srvy of~r smping has been done at a No''tibd difteent Cr the waste
20 managemeimunt or unphinned releaseads&woid not berepesentative bf the
21 tdc ncntatonThtei&n5& rlese. This deflciency applies to horizontal and
22 MeRgI d rces ut: tbd y bNt 'the23 corect depths,~ but the distai&c &fthe bordhle.H&rom the waste management unit

24 can severey atenuate the gam-aito hc sue oidct~25cbCnnto 25 ontmintio; urface sampn an uvy imlrycn establsh s~UYsUrace26'ml'ga26 ~~cnamnanconcenrationswtr endspov ih& possib"pesne''sm27 radioactwennisntuents prticuayp-m n T em )
28
29 a hr hsbe vita .n measwement PSnOn-rTadIOaCtie bazatdous
31 osiunsi tesmln n aaysisof mnedi n he Z PlantAgeat ra
32 As a esuT ofwthagefdfaiciencsths data ar ndf 'codsidered to b5 usabl& for input to a
3 quniav riskassesmen orfrcmaio oAAs Further discussion off the data

35
36 inaiiintotheedaa te are.4arso data regardinigsite conditins (Issue5 4Y'wbtch
37 dontdrcl eaeto the presence of eifrohnenta4 reeases' butwhich will assist in the38 asble t f, the-te4td migraunisht. -These da e are lly s

40
41 * ln Gooi 2nd eophysics DlatbPkg 'or LIhe '200 AAS(hans
42 a 4 99) contins als els inwhih dbbhoe gophysics bave beeni

43 condted, the types and dates"&F the tt, nd &?refrence to flndicata the
44 ~~physicaLI6octhin f the iogs.The paekag& afs in'ades ~a list of the 'data45 ava~i5 ' from theI+dring of each weW ocated in .4he Z' Plant AggregateArea,

46 suchi'is the logs available (driller'spr g&$pogist's; indicationbof her physical0
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iccation: zrain Atze, abnte, mt$r, and9hemcalsidogicai analyses: tists
oftdepths, dats e4evtin, an oriae olalwls n copies >of he boiring

fogs ad wei cpletiotln (a-ul)smaie o eeto o6 wellsintheZ

Ifa eAgrg Aree n- Geolog , Sen of the * 20 et ra An Ulpdat (Lnsey et a. 19b

Wes I Ara)stratigrphy,cWxlh revised trncture and ispach mps f thieYvarious

The4 daan thes boie Ieports was obtaied tor the aggregate area stuAy based on a
ret dru1kr's and geolpgiss logsr Wefls driled in t Z Plant Agregate, Area. ~A

the Agrgt re n r prset in>ans t t(9D dsay 41.a (19~ b);tbenusdthes& wefls (antothers ftomiotheraggregu atta i&i the'200 Wet Atra io deve1op
er&s secions strutui& maps, anA isopach maps; which werin turn adapted to4the spifk

teedt? of un eotadpe~ bdt Seesow 3; on1y'esing wtre used; tnn&4wl
wee ,ie as pat#44aisksu&y.The 4ua1tjf the dat garnes amqng the i&gk a56riinto

tetimedthey Weredhlled ani the scope o.mesud eesu~pdtting,~ but gentraly

jj A

ivvngthe poeilo otmnn rngaina pcn 'ie.based on ~stratigraphic
pocarn.bmryngs may nd besscaedin nyr

.. s...epr.n.ty; shse. issues sho id. be addressed
durng ubsquet feidinvstiati.sat ocaions w ,ere cnant' migraon is considered

Anoter las of atawhh was gatbered In the g4eeaI are of the24( West'Area,
and hus fteiia~y 'appropriate to. the Z Plan AggregateAea, is jlhe result 6f a set ofsM teRasalt WasteJsohation Projet(BWJP) (DOE 198$b),

,U 

U'p,

inth atepttosite a high-leveL radtoactivewastigooi epstr te basat enath
atAhe "it- ys I < < P' ,peo on MAR

andinth viintyofthe HNfordite.5 Th ~proo Reernc Reposatory Site inc1uded The
.Ws A .. s. s e .d it, mi ..thWest. For this siting projet,

nuimberof gefiRgMtehq wexe ud, 8adtffie &t data. geneat by the drifling
program ha been used fpr \At2h c 

1tairpic' ine etation presene V in Sect'iont 3.4 (al1>the
welsdenoed ithc an alias "BN-" were drilled btr the BWIP project) and a number of he

Qigures vsed in this ndoteQetbonf eern .c.cThe<c pr ca als incl6ded9a umber

........ 9-4,c *<..c. c:.,ccy..bhi

m Se sm c efratwn
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1 ~ Mgetatenlrics.
2
3 These data, aspresnted in secfiond Z.32.3 of DOE (i988b),kwere rviewed fbr their
4 reeac otepesn ln suc area)Aggregate Area M aeenttkudy The
5 mitton of thee sudis icgue tt flloingaspc>s

.~k'A < . .. . ... .. ... ..... .

6
7 . s hstd covere a regional scal1 wwith g

8 hve rosed he Plnt ggrgate A2a(ree h 00<West Area) onjywi

10 dAto esticted&ss").
11
12 ay re e s 'arq ore sensitve tsthe basali thah to heuprabsaU
13 MAI ItOP3 sd seres nheAA progran even s stiv M
14as is applicable to the sodre area
15 much eser than th d ntsg(n

r 16 this as a consistent magnetid
.17 ppetis Itn d4ituoAth analyi olth dat empsized~ the basat feat'res

18
19 k p the present study.
20
21 - Even h £etue pftentia1y uit sha1ow se4imets ae identfled, they are
22 inepee ihrvr eeay(~. erosionalfratdre4in 'he anfr PAnd (nr)
23 Rihgold Formations") or ascomplications (e&g., "sha16wsedime~nt veklcity

24 ~variatIon4usingn stcivocity corion rrs".There are ,nyasvery
'25 few fatujre.s (n neinthe Z PIla Aggregate 'Area) w&hichi are intrted as

~26 -dsVript is 6f t3e suprat sediments.
27

-28 - aty oeo teaoae hc are interpreted in termn of ,a se dimentary
_29 stagahccue eg,"rso $t iddle R1igld)1J ot'erCp ndr'h

30 mor detaied strtigrfp i nterpretatibn carnedt ofit uider the Tpia Reprt~Y31io h AS(nde ta.(9b Chms eta.91).. ..

324

34 Hrunwer' thes da~ atuereiwedin moedtail for the purposes of the 200' West34 Gounwatr A MSsine deperfeaure (incudingin The' basalt) are of mnore cpncern, for
35 that stdy.
36
37 Other data, presented in 'Sections 2.0, 3.0, and 4.0, are broader-scale rather than site-

38 speile li et totmnantoncerations' are.> These nud.oprpyeerog,
39 surface hydogy, enionmetat reotrcs ad huma resources, ahd contaminant

40 haaetriue . T ,es dta are geeayo cetbeqaiyfrteproe of' planntng41 remeia4actions i the Z Plant$ Aggregate Aita.
42
43
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3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

N 22
23
24
25
26
27
28
29

- 30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

8.1.3 Evaluation of Existing Data

The potential uses oft existing saming A analysis and field surv'y-dat are
limited to some extent by changes inanalytical mnet Ihodology or quality control requiremnents-
that have odeunfed since the data were collected. These chaniges include imfprovement i
anialyficni mflethdologies, leading to improved accuracy and preisin and lower detection
limits, as well as development of imnprove techniques. i additioni, older data my nt erepresentadive of cuafent conditions at the site due to decay or transformation et
contamninanlts, interedia or intramedia tranqspot, and intem remediation actions at the site
(e.g., stabilization efforts conducted under the RAR\ program).

The pima' existing infermati that can be used to evaluate the ocurrence and extent
of contamination at Z Plant Aggregate Area waste management units is the chemical and
radionueelide inventories in the 3AqDS database and the waste disposal inventories Rfrom thentf A--+--Solid Waste Buial Grounds. T iy of the iene sme
based oni estimates fRom plant operationis and disposal histories from the early days of the
lafored Site whereas ethers afe based ont waste mfanifests. Waste inivenitories are not

m~avlablo for transfer units or treatment tanks, or for many of the uplanned releases. In
addition, the limited suite of chemicals and radionuelides reported in VflDS does net incelude
many constituents expected to be present based on historical association with waste producin
processes. Thus, this type of inforamation is best used to guide future samplinfg efforts and toe
prv.'ide an approximnate idication of the possible nature 4n extent of comnaton

- a-- -ea ffhitin

The groess gamma borehole logginig is limited by methodological problemfs, such as low
sensitivity due to loggig through well casinigs and lack( of elemnent specific spectra.Thus,
these data provide only qualitative indA:cation of subsurface ontamfinationi.

EPA (1987) has specified inidicators of data qluality, five 1P ARCC"I'l paramfeters, which
canq be used to evaluate the existing data, and to specify requirements for future da
colleedoen. These are:

- eeisioni the repoducibility of the data;
fccuracy the lack of a bias-in -the-data-
Representativeness the degree to which the appopriate paamelters have beenl

S Completeness the fraction of samples which ar-.e onsidered "valid'; and

The limitations ini precision and accurfacy of the exstinfg analyical data acmil u
to imnpreents in analyical tehniques anid iiereases in quality control requiements sincee
the time the sam..ples were ollected. Data which do noet mfeet formal CLmP QAQC

a a usable t supprt a ROD; hwe these data
should be used to the mxci3mumn extent pssible, as eommffendedl by the P~ d at
Practice Straegy. These data can be used: to formualate the enceptual moedel, to conduct a
qualitative Aisk assessment, to pepare worfk plans, anid also as an iitial data set which can
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1 be the basis for a fully qualified data sot through a procoss of review, evaluation, and0
2 eenfreatien-
3
4 The representativonss of the existing aalytical data is the --- m- shortcming of tho
5 da. IData aa noepresrangeof ys s tested fori
6 the samplos (e.g., alyziLg for radionuelidos by-not for ha ous chomicals), radionuoelides
7 wore not differentiated int sutteying methods (gammffa logging and surfaee radiation urfys)
8 and sampling locations were gener-ally not selected to be representative of concentrations in
9 ea.vi:men 1 media.

10
11 Representativeness is of concern for data used to determaine subsurface afd surface soe
12 concentrations wid extent of contamfination. Subsur-face investigationis have been undoataken
13 at only three waste mnaagemfent untits in tho Z Plant Aggregate Area, and no surface soil
14 sampling specific to wasto mnaagoment units was located. Concernfs relating to workei
15 &esures eand possible release or: spread of contamfiniation limits the ability t TU iti

-16 waste mfanagement units.
17
18 Due to these limfitatiens, the existing data have limfited usefuilness for evauatn g tefl

t~19 rafige of contamfiniation or the distdibution of contaminiaits at paiular watqe-managemnent
__20 units. The result of this data gap is that conceentrafions in eniroinmenital mfedia cannot be

21 compafed to level4s oregulator;y concern and a quaniaivei asesetcantb
C~22 conducted with exeistinig data. However, the data- may be used to direct future samnplinig

_ _ _ _ _ _ _ _ _ _ __ __ _ at 3

25e163 efrt nfo hs waste managementunits-sr usraesmpigadaayi a

,1826 The ompleteness and compaability of the existing analytical data are unleown for the
27 e-xisd~ng data becauise qualty cntro information needed to evaluiate these paameters woe

- 28 not located. Indications axe that vaf1yng levels of quality contlrol were applied in the couirse
29 of site investigations, due t changes in QA pre Ad. over time-
30
31 None of the data which have been gathered in the Z Plant Aggregate Area have been
32 "validated" in accordance with the EPA CLP protocol, athough some (varying) levels oe
33 quality conitrol have been applied tote sapln adnaysis9 pocedures. The best
34 indicadon of he vadity of the data is the repoducibiliy of te results, and vhere it can be
35 obsen'ed through duplicates samfples, this is onie of the less significanit poblemfs with the data
36
37
38 VWhie these limitations cannot inl molst cases be quantfied (and some such as
39 re-presentativeness are specifically non quantifiable), certain featurfes of moest of the dat
40 collected to date in the Z Plant Aggegate Area canl be cited as faiinig one or morfe of the
41 PARCC paramfeters. These data shouild, hoevere, be used to the mnxmumi~ extent possible
42 in the developmfent of work! planis for site field iivestigationis, poiritization of the various
43 units, and to determine, to, the extent possible, where ontamfination is or is-not-pesn.
44
45 in addition to these site specific data, there are aso a limfited numfber! of noen site
46 specific samfplng -vents that are being dve'lopedteemn bakground levels of naturfaly
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(preousrin, cncuacy, repreeneve ss and e 1o tawhen aiylaby), can be used
to differentiate the exfsti cf the spvirneitfy releases nturo ccure at ckgon
lev.els.

Pestion- rda ucibity fhedata

. . . .....t*x Accuracy.-the ack of a bs tite data.

Muh f iu isti ata are of liited pec"io and auracy due to the
anytiCaMethd histi y The gross gam btorehoe

IliMited byimethodjgarproblems although
repodibtt& y pa beengeerl obsevedin the atao Cdions that haye

unand/oracuracy incde: r inanalytcal istrurentaincandmet toymn, &older data ,incom'patible-

~~Th atiOns i precis:and tacury; in eisg data are mainly due-to the

xaaximum extent possib1e, attwo evels first to fomhaethMonetulmode, conduct atluautative skassesmetad prpari work plnbut asasnintadaaset which scantb
theassbr a fuly u t9g] a cs feview, &va1nutn,

andconirnation.

:Repre vens-...... drto which -fe appropriate'envnrnmenai
paramrs eir media wavebeensap. d

Thivrmeter highlIghts a shortcoming ....ost of the historical data, Somediscussion of representativendss limitations'is presented irnSection 8.1.2.

differenttattng nt byradionuchide (eg$,thoughispecrai surveying methods as are
be1ngused by the'RLS pograM) theianlysibf sainpies onyfor radiqnudlidds

rater hanfo chmicls ndradonuidsa'nd the failre to sample.(epeciallyini the sbrfc)orthe' full poteniiaP extent*:df'cbntAminant 'mgratioft

The dataare4 incrmplete primarily because of the lack of subsurface sambplig' for
extentWofcotaminahion. This is becans oply'limited ubsurfabe 1nvestigaotis

.. ..... .. -9t

haebeen codctd' setected wat mngeetunits in the Z Plant
AggrgateArea.yeLKThe lack &frthe da4fta is alscaused uy, concerns to limit

theypotehyial expffsure to radi6activity bf workers, who would have to dlUtin
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1 c6AtamiihnAae aes adh osbe es or stread ob contamnation tmgr 6
2 tes imusv<procedures Th rsult f this :datrga js tha none es itea

3 can be demongratqgo ha contamifain euIhey abqy ?r~ <eo lvls.4 regu1atpry conceen andjaa u~nmv risk asesemcno qeonuctd.
5
6 laado, n n ase t h beun peessa4y to se general ata tte~,xtrm
7 elewhere tnt2 'Wt Areaorev&n fiomhei the 200Aresi

8 rahrtA aapcn o a parlar5W~ _ename rms
9 pr or tanpbrt inechantsm s;Ahis mr

10 acn ncptable ive a aismitn .n.e....ot...A
12 rb characterize 99ie12 stragraphyin th grg2ArA Chamnness et al 991 Inde t l1913 

- Adsyea!h'91)13 the aiiewte mnanagempent uni-specsf; fiej san png oians will reairge
14 ttd c1 irt~Io df mnort df dlgtiof wels driled in the inudjtdate
15 van :h.te. r their gny, asa starting pon to conceptoaly model the
16 <Lo4y we.i ,*l 4eteth th u
17
18 C e.infsamples which are considered "valid.
19
20 N&oneofi edtalR th4 M ava been p raviosyygabered in the Z Plant Aggregate
21 Arahsbe vldtd ite P Contract Lbortor Ptogram (CLP) sertse,
22 abbh ringlevs cfr Ve V e ppled .t. the.s ling and
23 nalysis %&dueThe daUtk ar geP9ray uate or chacteizationi
24 not be suhablefor use in forman rxsk assessmentTebest

S25 indicai$nMf he~ vahdity f The datalis theyreproducjibmty of the results,and this2626 s idity(compwetene signiflcant problems with
27thda.
28
29 C b e denc tha laced nthe s ttwo dat

*~~*,"R." -9''l:R- tc.4 be. pin omparto t30 st egsprt apig)
31
32 With varing <eveA ofq qulty control and varying protcdures fbir sample
33 acqPwsitao and analysis, ths parametert is als9,generally p)orly met.>jMuch, Of
34 sepmet f QA procedures.
35
36 W1Ithew Miasit:i37 Whl hs mttoscno nms ae be quantrfled (and some such as37 rereseativnesare spedzficaly onl ualitative), mostfthe data gathered iS'the ZPIant38 AgrgaeAeacn &e&te sfaih& oneo1 ore &fthe&PARCC paraeters. Asicscussed.................
39 rn' Sectn <S.f.2,the aaare considefed to b& mainWv deficieht in completeness (the

40 aprpit eicnttens rlctoswr ee saihpied or analyzed). rThese data

41 sho1djowevr, be sed <To haxium ~extent intedevel6pment of work plans fot site

42 i I f ija n
42 iedivsgAtinpirtzt 2o~f the viaos nIts anymdtrne, t6 the extnt

44
45 n addto top thes site-pPeci 4ata, tere, are also a limited tumber 9f 6o4 site-

46 sific amping eventshar being develbped to determine backgtbund levels of naturally
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* ocurringk costi:Kuents~ (H'or and eGore 1991y <).fThesdata. can be used tco differentiate
2 4h effe4(f<% the nvrnmtal eesNes frpm paturaly occurrng tackgrodnd leVeWs
3
4
5 8.1.4 Conceptual Models
6
7 The initial (seeping) conceptual model of the sites WastW managementiunits and8 pases in the Z Plant Aggregate Area is presented and described in Section 4.2.19 (Figure 4-50). The model is based on best estimates of where contaminants were discharged10 and the potential for migration of contaminants from the point-of-release to the current11 location. The conceptual model is designed to be conservative and assumes insufficient data12 for delineation of the full extent of chemical and radiological contamination. This means that13 a migration pathway was included in the model if there was any possibility of contamination14 travelling through it, historically or presently. In most cases there may not be a significant15 flux of such contaminant migration for many of the pathways shown on the figure.7 16 Significant refers to a quantity causing an unacceptable risk for the receptors of the pathway.17

18 There are many significant uncertainties regarding the contaminant levels in the19 migration pathways shown on the conceptual model. Yet, almost none of these pathways20 have been sampled to determine whether any contamination still exists in any of the locations21 specified in the conceptual model. Likewise for those locations that have been sampled,22 there is little data regarding which constituents are present, to what extent they are present,23 and what the contaminant levels are in the various media. Until these data are available, the24 various pathways cannot be prioritized. This affects the ability of DOE and Westinghouse25 Hanford to specify appropriate remedial response actions and to specify the risk assessment26 objectives.
27

. 28
29 8.1.5 A-AMS A..regat Ar... Caagement Study Objectives and Decisions30

e 31 The specific objectives of the Z Plant AAMS are listed in Section 1.3 above. They32 include h foo^wTig:
33
34 * Assemble site data (as described in Section 8.1.2 abeve)t35 - Descrbe site conditions (see Sewo 3.0)
36 C teriztiontwdik(see separate topi a reports)
37 * Develop a n s. e conceptual model (see Section 4 .0)t38 * Identify contaminants of concern and their distribution (Section 54.0)39 * Identify pielinifafy poteniai applicable, or relevant and appropriate, regulations40 (ARARs, Section 6.0)j
41 * Define preliminary remedial action objectives and screen potential remedial42 technologies (et- ; topeare preliminaryremdiaracuon ateratives
43 es

44 ~ 7bh~~e~deb eea DO n d~idi
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1 * Recommend xpedited, interim, or limited actions
2 (Section 9.Orbelew);-end
3 0 Define anid prioritize work plan activities with emfphasis on supporting caly
4 cleanup actions and records of decision.
5 er $Rdefihne a d iriUz aswa aflow tprable unfts, their boundaries, and work
6 pWnaci iwith emnphasxs ;o supportan early cteaup actionsp and ecord& of
7 decisio ( i . 9

8 Itgrt RR TS lsr atvte witht pastpraqcny atvti(Seclon
9 g

10
11 The decisions that will have to be made on the basis of this AAMS can be described
12 according to the Hanford Past-Practice Strategy flow chart (Figure 1-2) which must be
13 conducted on a site-by-site basis. Decisions are shown on the flow chart as diamond-shaped
14 boxes, and include:
15
16 * Is an ERA justified? (Point B on the flow chart)
17
18 * Is less than fi-ve 0 months' response needed (is the ERA time critical)? (Yes exit
19 from Point B)
20
21 * Are data sufficient to formulate the conceptual model and perform a qualitative
22 risk assessment? (Point C)
23
24 0 Is an IRM justified? (Yes|' exit from Point C)
25
26 * Can the remedy be selected? (Yes, exit from previous question)
27
28 * Can additional required data be obtained by limited fild investigation (LFI)?
29 (Point D)
30
31 * Are data (from field investigations) sufficient to perform risk assessment?
32
33 * Can aA Operable Unit/Aggregate Area R6i6rdED.isib ROD) be issued?
34
35 The last two questions will only be asked after additional data are obtained through
36 field investigationsr. Upen aqisition of addition analytical data DQO issues can be more
37 clearly-defined.-The ad's ae DQOs presented heoin ae designed fo: isy in
38 assessing the scoping objectives for these investigations.)
39
40 Hewever-most of these decisions are actually a complicated mixture of many smaller
41 questions, and will be addressed in Section 9.0 threugh i more detailed flow charts
42 s. Thed for&eediauti vetiain.
43
44 Similarly, the tasks which will need to be performed for the AAMS, and will therefore
45 drive the data needs for the study are found in the rectangular boxes on the flow chart.
46 These include ":
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* ERA (if justified)y

* Definition of threshold contamination levels, and formulation of a conceptual
model, performance of a qualitative risk assessment and FS screening (IRM
preliminaries)-

* Focused Feasibility Studies for IRM selection-

* Determination of minimum data requirements for the IRM pathwayt

* Negotiation of a Scope of Work, relative priority, and incorporation into an
integrated schedule, performance of a LFI;-and

* Determination of minimum data needs for a RA and final Remedy Selection
(preparation of RI/FS path).

The use of the senn ohdlg icse nAPooe aaQa & ratg
for Hanfor Ste Ciaatrz n(eanadJ Ho 1990) is also impol-ant .fo ahieving
schedule and cost control objectives fo nwrn teqetos oe tpints B, C, and D

of he anfrdPas Prctce traeg diagramf. The screening methodelogy wllalowfothe analysis of 1afge numfbers of samiples quickly and at a suffieicnt level of confidencee to
allow effective decisionis to be mfade. The screng mehd cnb vrfedb easenf
with validated labortr daa hswlnuedfnibility of the sreeningdaawhlea
the samne timne allowre pdiedcsonm dn f- deemnigwhteraEAi
needed, whether data arfe suffiient for! further refintement of the conceptual moedel, and
whether additienal data cani be ebtanethoglitdfedineigins The 200 A260MS
Decision Maldnig Fo h iue91 rsnsamdfe es fteHnodPs
Practice Strtegy that inoe rae th betv f rvdn efensible basis fot

detrx~nin th ned fr a ER . he sreening methodlg'prmtdabv.a' lob
use teexpdit ad sbstntite ubequent deisions that will be maade for the ;z Plant

operable un~its.

theje ~ ~ ~ ~ ~ l d'~s~~T~nt ses in on ~ni~
'Mvg u 55 ..,e asr 4in datan n&& (Setio

8.2 DATA USES AND NEEDS (STAGE 2 OF THE DQO PROCESS)

Stage 2 of the DQO development process (EPA 1987) defines data uses and specifies
the types of data needed to meet the project objectives. These data uses and needs are based
on the Stage I results, but must be more specific. The elements of this stage of the DQO
process include:

" Identifying data uses (Section 8.2. 1)t
* Identifying data types (Section 8.2.2. l)--
* Identifying data quality needs (Section 8.2.2.2)-,
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I * Identifying data quantity needs (Section 8.2.2.3):
2 * Evaluating sampling/analysis options (Section 8.2.2.4)--and
3 * Reviewing data quality parameters (Section 8.2.2.5)-.
4 ~.4* &Identifyng da'a gaps>(SectionK 8.2.2,6).NE M§.A>qM5 -

6 Stage 2 is developed on the basis of the conceptual model preseted in Section 1.0 ot
7 thisrepert nd theyproject eosbje .The fo wIng sectios dis sthe issues in raer
8 detai

9
10
11 8.2.1 Data Uses
12
13 For the purposes of the remediation in the Z Plant Aggregate Area, most data uses fall14 into one or more of four general categories:
15

N 16 * Site characterization
17 * Public health evaluation and human health and ecological risk assessmentst
18 * Evaluation of remedial action alternatives;-end
19 * Worker health and safety.
20
21 Site characterization refers to a process that includes determination and evaluation of

"22 the physical and chemical properties of any wastes and contaminated media present at a site,23 and an evaluation of the nature and extent of the contamination. This process involves the
24 collection of basic geologic, hydrologic, and meteorologic data but more importantly, data on"25 specific chemical and radiological contaminants and sources which can be incorporated into a26 conceptual model to indicate the relative significance of the various pathways. Site
27 characterization is not an end in itself, in t' e 6Anftd SiiK PasPractfceSta&eg

-28 (DMOl 1992a). But rather, the data generated during site characterization must support
29 the objective of assessing the need for remediation (according to risk assessment methods,
30 either qualitative or quantitative,'or mplice .\ witfht ARARs) and providing appropriate

C>31 means of remediation (through an FFS, FS, or CMS). The understanding of the site
32 characterization, based on existing data, is presented in Sections 2.0 and 3.0, and is
33 summarized in the conceptual model (Section 4.2).
34
35 DaarqieRocnutapbi 

elh evaluationt, and humnan health and eoloia

36 risk assessmaents at the wast maaeetuisi h ln ggegate Aea inlude the
37 following:! inut pafamfeters for eauain chmia fat an trnpot sie arctritis

38 and ntaminant d public and-enc a
39 wefr hog xouet h aius media. These eedsuly vrapwthst

40 cheracteriZation eeds. Ant extenisive disussion of sk assessmnent data ses and needs is

41 prs ne in th Ris As e sm n Cu d n ef r u e E A 9 9 .T epe en
42 unesadn fsterssi rsne in the selee Jostitunt o fiern (-Setion
43 4.2, ind evaluaton of potntiaI hm nhithi p csfr mZP a t g r gt1A e a t

44 mnagemnent units (Setion 5). Quantitative risk ssesments will e ondlucted at the45 Hanford Site with a m Ment and th
46 methedology'ill be onsidered in EloI ite s s a alis .
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* Ditd requitedt6 cbidUc a public heahh iNVahation and human healh ,and ecolgi
2 risk asessnnts :dte 4sit 'nhe ZPlanti:\gre4 kArea incglude the feloQwjog: finput
3 paaeters Y& vanob s performance assessmn mddels~ (e thS'Mufdd nronnu
4 Po tn Assmn S ysten) site charactermhcs; anfd co tiin5Wdita required~ 6toelue
5 lh1&thrwat to public anidenvironmental health and we'ar truhepsr the vaiidus
6 meWi.{Thksenes usal yra a suearaterzauion nheds.A(Knsv
7 discussionwof nisk assessment d4Maus4 ad needs, Mr bo~f btfimnka health and ecpldizaI
8 evu__si prsKed nlhe Ri:sk Assessment Gutd!ance far Super/md Volmes ond 2
9 pP n Y9 4 ain1 hsaodeeoe it$ prexttrpdethodoIogy for
10 s k sEPA 19',Tary health r i
11 asssme4w lfgelow the- guidance oStpUd i) nThe 9-OGsnlestne Picumni Wa?1e/
12 .ss. req.r.m .o n
13 .....i.al risk assessment m.lud. .di s'

14 hait iti an s(~udn h HnodSt,3 feedIn rea ionships among species of15 soncern.& *n (a cnaat oncentrations in environmtalh media andmce ottconcb4n
S16 Thle nun4esciny in ~the 4tut gi1abk Thy wasteInagm4e ~nt ns fi the 2 VPam

17 AK egteArea is that aquantitative atssent-mof conaninant concentrations ,foi he
S 18 gurgaee ofmkAssessmeat can no;?earormed.j Te pesem tiinersAdlig of teWrsks

19 i re&nted in -the seuetbon'of tbisituiets of concer .S.inU hed ed o

21 yI p c ts'!h2 9an .>n S Pa -4r *> S -r ;

22 raeya 23 Data collected to support evaluation of remedial action alternatives for ERAs, IRMs,
W 24 FFSs, or the full RI/FS, include site screening of alternatives, feasibility-level design, and
-. , 25 preliminary cost estimates. Once an alternative is selected for implementation, much of the

26 data collected during site investigations (LFI or RI) can also be used for the final engineering
27 design. Generally, collection of information during the investigations specifically for use in

-. 28 the final design, is not cost-effective because mnany issuetmist be decided:aboutaprrat

29~~.. ...... .. .*~ 'S - . . . . .

29 echIli s beoeefciedt ahrn can be 5&drtaken. It is preferable to gather30 such specific information during a separate predesig invstigation fr at thejimi 6C

........

31 rmeitin(ie, h "beraioa apoach" of the&Hanpn-d Sit PAcst-Practie -Stradeg
djErio9NI . Based on existing data broad remedial action technologies and objectives

33 were identified in Section 7.0.
34
35 The worker health and safety category includes data collected to establish the required
36 level of protection for workers during various investigation activities. These data are used to
37 determine if there is concern for the personnel working in the vicinity of the operable unit.
38 The results of these assessments are also used in the development of the-R-adiatioMnWr-k
39 Pemit~ V'ario sfafet dcumnt reuirek f9<eld ok (see eath and $afety Plan,
40 AppesdI B).
41
42 It should be noted that each of these data use categories (site characterization, risk
43 assessment needs, remedial actions, and health and safety) will be required at each decision
44 point on the Hanford $s~Past-Practice Strategy flow chart, as discussed at the end of

a45 Section 8.1.5. To the extent possible, however, not all waste management units will be
W46 investigated to the same degree but only those with the highest priority (representative).
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1 These results will then be extended to the other, analogous sites which have similar geology
2 and disposal histories (see Section 9.5.2).
3
4 The existing data can be used for two main purposes:
5
6 * Development of site-specific sampling plans (site characterization); and
7
8 * Screening for health and safety (worker health and safety).
9

10 Table 8-1 presents a summary of the availability of existing data for these uses.
11
12 For the purposes of developing sampling plans, existing information is available for:
13
14 * The location of waste management units-many of the waste management units
15 have surface expressions, markers, or have been surveyed in the past; however,16 the exact boundaries of some of the units are uncertain. The unplanned releases
17 are generally lacking in this information.
18
19 * Possible contamination found at the waste management units-these data are

-20 derivable from the inventories of the waste management units (mainly for the
21 cribs and other liquid waste disposal facilities) as well as from limited subsurface22 soil sampling which has been done at severa of e ement nits,
23 eTg' the 216-Z-A Tile ied, 216-Z-9 1Tnh, and 216-Z-12 Cribs and on the24 periphery of the Solid-Wasie To.-eve Burial Grounds.
25

-26 * The likely depth of contamination-this information is mainly obtained from gross27 gamma borehole logging, but eere " sampling information is available for the28 three eibs its noted above. In addition, rough estimates of the extent of29 contamination can be developed based on fluid volumes released to the waste
30 management units.

0"31
32 For the waste managemcnt nits where sampling data ave
33 aiyzcd for a limited fge of analytical pameterstec
34 inve . For eamples the 6 Z 1A Tench wore ayzcdforu n
35 am for tcr likely radinuclideinoga
36 eentaminants.
37
38 Two types of information are available for the purposes of worker health and safety,39 and will be used for the development of future health and safety documents:
40
41 * Levels of surface radiation-derived from the on-going periodic radiological
42 surveys done under the Environmental Surveillance program. It should be noted43 that surface radiation conditions are transient, depending on surface disturbance
44 and stabilization activities undertaken under the RARA program. Therefore, a45 confirmatory radiological survey is recommended prior to commencing field work46 at a waste management unit.

8-18



DOE/RL-91-58
Draft B

Expected Owxihu[ contaminant levels-E&xtensive sampling to characterize the
range of contaminant concentrations in subsurface soils has been performed only
for plutonium and americium beneath the 216-Z-lA Treneh M- 0el.

Table 8-1 also may be used to identify the data needs for the individual waste
management units in the Z Plant Aggregate Area, which must be addressed for remediation
approaches to be developed.

8.2.2 Data Needs

Site characterization is contingent upon an adequate set of data to establish locations
and migration patterns and to evaluate the risks that contamination may pose. A critical
component of this process is clear definition of the data needs, including: 1) data types; 2)
data quality; 3) data quantity; 4) sampling and analysis options; and 5) data quality
parameters "bjeCtives. These five data classifications are discussed below.

8.2.2.1 Data Types. Data use categories described in Section 8.2.1 define the general
purpose and intent for collecting additional data. Based on the intended uses, a concise
statement regarding the data types needed can be developed. Data types specified at this
stage should not be limited to chemical parameters, but should also include necessary
physical parameters such as bulk density, $porosittY , unsatrated ydrJah it and
moisture content. PEp rg, hmadsib n coefficients; and chenical

ateyb.. .............x p qlat ,t y ed al atydy ase s
ev vuaiqns. Since environmental media and source materials are interrelated, data

types used to evaluate one media may also be useful to characterize another media.

Identifying data types by media exposes overlapping data needs. Data objectives by
media, data needs, and types to be collected in the site investigations at sites in the Z Plant
Aggregate Area are identified in Table 8 2. These arc discussed in greate:'ain Section
8.3 to provide focus to investigatory methods which may be employed. The data type
requirements for the preliminary remedial action technologies developed in Section 7.0 are
summarized in Table 8-42.

8.2.2.2 Data Quality Needs. The various tasks and phases of a CERCLA investigation
may require different levels of data quality. Important factors in defining data quality
include selecting appropriate analytical levels, validation methodologies, and contaminant
levels of concern as described below. A Proposed Data Quality Strategy for Hanford Site
Characterization (M Uid Jbhson 1990), will be used to help define these levels
(MeCaindJohnson-1990). Data Qualitybbjecives wil1 alsobe developed and defihe on

Plan (QAj~s whih wll gide nvetigaionactivities.

Chemical and radionuclide laboratory analysis will be one of the most important data
types required at virtually all of the stes Waite managemen"un-ts in the Z Plant Aggregate
Area. The rand detectin i ta by the. ana il methd
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1 sed. In general, increasing accuracy and precision, and lower detection limits are
2 obtained with increasing cost and time. Therefore, the analytical level used to obtain data
3 should be commensurate with the intended use. Table 8-3 defines five analytical levels
4 associated with different types of characterization efforts. Individual DQO and the
5 apprepriato analytical ldae assoated with each data need ar t gica d in Table 4. WAt

10 ggrgat Ara (s dvelpedin ecton ) ae gvenin abl 8- . ee paraetese71 be used for the devepment....site-spechfiaplg andtd an.Li.l ..d..it.u..

S12 &~S assracpas riesetgatos nd §idY QOnsIin theCaggrega:e area.
9 V

10 Ag~retA% ' 
ifWZ l

12 raUn *** tur. nSnit5 it.tLggattz
13
14 Before laboratory and or cven field data can be used in the remedial action process, it
15 must first be validated. Exceptions are made for initial evaluations of the operable wate
16 M, &an Mnt units using existing data, which may not be able to be validated appropriate for
17 validatin bn b d he HanfrStetPast-Pracnce
18 Strategy L 492a). Other screening data (e.g., estimates of contaminant

t 19 concentration inferred from field analyses), and screening data collected in accordance with
20 the strategy outlined in McCain and Johnson (1990) may also be aeXcepted. Validation
21 involves determining the usability and quality of the data. Once data are validated, they can
22 be used to successfully complete the remedial action selection process. Activities involved in
23 the data validation process include the following:
24
25 0 Verification of chain of custody and sample holding timest
26
27 * Confirmation that laboratory data meet QA/Quality Control (QC) criteriat

-28
29 a Confirmation of the usability and quality of field data, which includes geological
30 logs, hydrologic data, and geophysical surveys;-and

r 31
32 * Proper documentation and management of data so that they are usable.
33
34 Validation may be performed by qualified WHC personnel from the Office of Sample
35 Management, or a qualified independent participant subcontractor. Data validation will be
36 performed in accordance with the Westinghouse Hanford document Sample Management and
37 Administration (WHC 1990c) and AsProposetd Dlata Quity -Sraegyfo r Hwn..rd
38 Ch4rtrizatgo (McCain an~d Johnson 1990) and stndrd se foth by Westinghouse
39 Han~td.
40
41 To accomplish the second point, all laboratory data must meet the requirements of the
42 specific QA/QC parameters as set up in the Quality Assurance Project Plan for the project
43 before it can be considered usable. The QA/QC parameters address laboratory precision and
44 accuracy, method blanks, instrument calibration, and holding times.
45
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8.2.2.5 Data Quality Parameters. The ci ac-rcy rrsoa- s
comfiplotono, nd com ai PAR'C) parameters are indicators of data quality. Ideally,
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The usability of field data must be assessed by a trained and qualified person. The
project geohydrologist/geophysicist will review the geologic logs, hydrologic data,geophysical surveys, and results of physical testing, on a daily basis, and senior technical
reviews will be conducted periodically throughout the project.

Data management procedures are also necessary for the validation. Data management
includes proper documentation of field activities, sample management and tracking, and
document and inventory control. Specific consistent procedures are discussed in the Datamnformatio Management Plan (Appendix D).

8.2.2.3 Data Quantity Needs. The number of samples that need to be collected during an
RI$FS estiga"ti can be determined by using several approaches. In instances where dataare lacking or are limited (such as for contamination in the vadose zone soils), a phasedsampling approach will be appropriate. In the absence of any available data, an approach orrationale will need to be developed to justify the sampling locations and the numbers ofsamples selected. ThIs . hd ad decumentedin the production of Work

P s d ore gr areaer the guidance and review 9f
t pecific locations and numbers of samples will bedet based on data collecedduring screening activities. For example, the number andlocation of beta/gamma spectrometer probe locations can be based on results of surface

geophysical and radiation surveys. These may help locate some subsurface features, which
may not be adequately documented. Details of any subsurface soil sampling scheme willdepend on results of geophysics surveys, surface radiation surveys, and beta/gamma
spectrometer probe surveys. In situations where available data are more complete, statistical
techniques may be useful in determining the additional data required.

8.2.2.4 Sampling and Analysis Options. Data collection activities are structured to obtain
the needed data in a cost-effective manner. Developing a sampling and analysis approach
which ensures that appropriate data quality and quantity are obtained with the resources
available may be accomplished by using a phased approach and field screening techniques.
The investigations on sites in the Z Plant Aggregate Area should take advantage of thisapproach for a comprehensive characterization of the site in a cost-effective manner.

A combination of lower level (Levels I- II rand 1) and higher level analytical data
(Levels Wil and IV) should be collected. F nls llctod
fn--m asch surco (icudn co mnao o lp t u Fnnno rlasolocaios) should bo

alyzoA at DQO Lo or V ndH4 ; Idaod- to pro1 idohigh ualitydata. This approachwould provide the certainty necessary to determine contaminants present near the sources.
Smmpcs ill o analyzod by-mthods indiated in Table 5 . p ol 5olected from the :

othr edi (~e. sbsufae sil, sdient) il be&aalyzedbyjesr Meshpds JorEvauarngsohd wstesI(EPA 1986), QLP (EPA 198 ,P99.) Merhkdsfr ,Chemical
Anaysi ofWarr nd asts ( PA 183a, o Perhed Prtcedures for Meaiuremnent ofaiaciyy:n Drink4ng W4ErPA 1980a)



DOE/RL-91-58
Draft B

1 the end use of the data collected should define the necessary PARCC parameters. Once the
2 PARCC requirements have been identified, then appropriate analytical methods can be
3 chosen to meet established goals and requirements. Definitions of the PARCC parameters
4 are presented in Section 8.1.2 above.
5
6 In general the precision and accuracy objectives are governed by the capabilities of the
7 available methodologies and in most cases these are more than adequate for the needs of the
8 investigations. Chemical analyses can usually be Pashedate4he M parts per billion
9 detection range in soils and water, and this level is adequate to the needs of the RA for most

10 analytes. Radiological analyses reach similar levels. TO ..4 .h.w. ds
12 b i ~ .. ~11 geeayotindfo h mehd ec>pinsuha the document Test Mehd r12 vauain Sli Wsts EP 186 or4from experiencetwith laboratdty analyis.& Some
13 constituents (e.g., arsenic) would require analysis to much lower levels, but this is
14 impossible because of the limitations of analytical methods and the effects of natural
15 background levels. For exampte EPAethod 2062d
16 es4/g dinils, w C ro1 At (MTCA) etdC
17 sLevel is g/kgIn s sesecialb
18 d pt w c In addition, a RA is conventionally computed
19 only to a single digit of precision and uses conservative assumptions, which reduce the
20 impact of measurements with lower accuracy.
21
22 For other measurements, such as physical parameters, the precision and accuracy
23 capabilities of existing measurement technologies are sufficient for the evaluation methods
24 used to produce characterization data, so the objectives are based on the limitations of the
25 analysis methodologies.
26
27 Representativeness is maintained by fitting the sampling program to the governing
28 aspects of the sources and transport processes of the site, as demonstrated in the site
29 conceptual model (Section 4.2.2). Initial sampling should concentrate on sources, which are

>$30 fairly well-understood, and on representative locations of anticipated transport mechanisms.
r31 If necessary, following activities can focus on aspects or locations that were not anticipated

32 but were demonstrated by the more general results.
33
34 Completeness is generally attained by specifying redundancy on critical samples and
35 maintaining quality control on their acquisition and analysis. As with representativeness, the
36 initial sampling program may lead to modifications of which samples should be considered
37 critical during subsequent sampling activities.
38
39 Comparability will be met through the use of standard procedures, generally as
40 incorporated into the Environmental Investigation and Site Characterization Manual (WHC
41 1988b) er in zthzr standard referenes.
42
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8.3 DATA COLLECTION PROGRAM (STAGE 3 O rH DQO PROESS)

The data collection program is Stage 3 of the process to develop DQOs. Conducting
an investigation in phases is a common method for optimizing the quantity and quality of the
data collected. It would be very inefficient and overly expensive to specify beforehand all
the types of samples and analyses that will yield the most complete and accurate
understanding of the contamination and physical behavior of the site. Data adequate to
achieve e14 the goals and objectives for remedial action decisions are obtained at a lower cost
by using the information obtained in each step to focus the ongong investigation in
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8.2.Z.63 Data Gaps7

Considering the data needs developed in Section 8.2.2 and the data available to meet
those needs as presented in Section 8.1.2, it is apparent that a number of data gaps can be
identified for the Z Plant Aggregate Area. These are summarized, by waste management
unit type, in Table 8-6-7andshdW be the'fcskFxsna waste unit

caeoybss sn te analbghe ites approacdi The cdhhrraimat cocentrt atre
the highs pif bicaise of theneed to asess th edfrrmdain(hogtr ow at kitt ~tk

remedia aions forrb a site

In addition to the data needs that specifically address contamination problems at
individual waste management units and unplanned releases in this aggregate area, there are
general data needs which will be required to characterize the possible transport pathways, as
presented in the conceptual model. These needs include characterization of the following:

* Geologic stratigraphy of the vadose zone and possible perched water zonest

* Factors affecting air transport of contaminants (e.g., surface soil particle size
distribution)t

* Potential releases from process effluent lines between facilities and id waste
disposal sites;-and

* Ecological impacts and transport mechanisms (bio-uptake, bioconcentration
secondary recptors hroughp prdto)

A th to be addressed i the data colection progrm(Secion-: , , -
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1 Initial sampling should collect new data believed most necessary to confirm and refine
2 the conceptual model. Subsequent phases of sampling may be needed to further reduce
3 uncertainty, to fill in remaining data gaps, to collect more detailed information for certain
4 points where such information is required, and to conduct any needed treatability studies or
5 otherwise support the data needs of the remedial action selection process. The need for
6 subsequent investigation phases will be assessed early in the investigation activities and as
7 data become available. Assessing completeness of the investigation data through a formal
8 statistical procedure is not possible, however, given the complexity and uncertainty of the
9 parameters required to describe the site. Rather, the use of engineering judgement is

10 considered sufficient to the decision process.
11
12
13 8.3.1 General Rationale
14
15 The general rationale for the investigation of sites in the Z Plant Aggregate Area is toin 16 collect needed data that are not currently available. Because of the size of the Z Plant
17 Aggregate Area, the complexity of past operations, and the number of unplanned releases
18 and waste management units, a large amount of new information will be required Sue s4 ther 19 speifi*ra onc*4es4.and chmcl prsnt hersata dsrbuin n oran h
20 presence~ .f spca.,rtinptwy (suhas perched grbundwater systems).
21

t. 22 The following work plan approach will be used for LFIs and RI/FS in the Z Plant
23 Aggregate Area. The results are described in Sections 8.3.2 and 8.3.3 in a general form.
24
25 * Existing data as described in Sections 2.0 and 3.0 should be used to the
26 maximum extent possible. Although existing data are not validated fully, the data
27 are still useful in refining the preliminary conceptual model (Section 4.2-2) and in

- 28 helping to focus and guide the investigatiens pannigof inVesatiOn , expedt&d
29
30

r 31 * Additional i'alidated data ataldted and sceeing eveIs should be collected to
32 obtain the maximum amount of useful information for the amount of time and
33 resources invested in the investigation.
34
35 * Data should be collected to support the intended data uses identified in Section
36 8.2.1.
37
38 * Nonintrusive sampling (e.g., geophysical surveys, surface radiation surveys, soil
39 gas, and bet& spectral gamma probe surveys), and surficial and source sampling
40 should be conducted early in any investigation effort to identify necessary interim
41 response actions (iVe., Odithna ERAsr1 )
42
43 * Data collected from initial investigation activities should be used to confirm and
44 refine the conceptual model (Section 4.2), refine the analyte constituents of
45 concern, and provide information to conduct IRA itieirm .esp.nse ac..,ns or RA
46 activities.
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1 * &ubsequem Additfionl investigation activities wil airep 6sedt support (if
2 needed) l:ong-:e:m qutitaive baseliue risk assessments for final cleanup actions3 and further refine the conceptual model.
4
5 * Field investigation techniques should be used to minimize the amount of6 hazardous or mixed waste generated; however, any waste generated will be7 handled in accordance with EII 4.2, Interim Control of Unknown Suspected8 Hazardous and Mixed Waste (WHC 1988c).
9

10
11 8.3.2 General Strategy
12
13 The overall objective of any field investigation (LFI, kM, or RI) of the sites in the Z
14 Plant Aggregate Area will be to gather additional information to support risk assessment and15 remedial action selection hdliig .o H Strategt,(DC EVRL16 IV6 1 8.5. The general approach or strategy for obtaining17 this additional nformation is presented below.
18
19 * Analytical parameter selection should be based on verifying overall conditions20 and then narrowed to specific constituents of concern, in consideration with21 regulatory requirements and site conditions. Periodic analyses of the long list of22 parameters should be conducted to verify that the list of constituents of concern23 has not changed, either because new constituents are identified or some of those24 originally considered as a potential concern do not appear to be significant.25

26 e iialivsiaossodwr from a7screenin level LOIeveJlstIgr II,27 x eiv1 fQ927 e~g.,surfaceradiatin surve s1 uesivel oxe specific samplngand28 a b thenDQO lVel l dr
29 IVtU>i samnpling apd4analysi, wihu iecnuminz remobilizatius.
30
31 * Dangerous and radioactive wastes may be generated during the field investigation.32 While efforts should be made to minimize these wastes, any waste generated will33 be handled in accordance with ElI 4.2, Interim Control of Unknown Suspected34 Hazardous and Mixed Waste (WHC 1988c). The analyses of samples for35 constituents of concern analytes will allow wastes generated to be adequately36 designated.
37
38
39 8.3.3 Investigation Methodology
40
41 Initial field investigations may include some or all of the following integrated
42 methodologies:
43
44 * Source Investigation (Section 8.3.3.1)
45
46 i Geological Investigation (Section 8.3.3.2)
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I #tI Surface Water and Sediment Investigation (Section 8.3.3.3)
2
3 * Soil Investigation (Section 8.3.3.4)
4
5 Air Investigation (Section 8.3.3.5)
6
7 4 Ecological Investigation (Section 8.3.3.6)
8
9Seisi Reflectio Mr"g r f Survey (Section 8.3.3.7)10 RM l

11 Process Effluent Pipeline Integrity Assessment (Section 8.3.3.8)
12
13 * Geodetic Survey (Section 8.3.3.9)
14
15 Cg
16
17 Each investigation methodology is briefly outlined in the following sections-. mare18 detailed +s-tions ipecific words c k plans fr waste managemeunt-

S1922ch ampuire thnse winesgavydtions. A summaf applicble methds fo eah waste site is

20 ehd o ahwsemngmn nti presented in Table 8-6.I addiionsome f th
21 specqr p dns fielind for s/ dt

~,22 
, Y b~~i~t23 waste manaement urneue Tabl &Cr Inr ddeise vesffid Me24

249 Ths invet addosree pret d n thw~e apoIate stpirapy ferned a te
31~ 25 t byst ass h svherinvsig~uanL arestn lmer pr~ior t,J d UCULIe sidted

26 x ~frd ' ~~'lx~~.rk~a~n~p........ .. 'nCyn

__28

29 _0 M# x .~Y~~~wt
'l30 a~ iteda ac6hrM

31 bss h ech~e32 accrdidg ~Than ne tJ& detrin thet taminaionhs ben rnsore beyond the33 tim dtate vrnsnity oftewat aagm u its.T some extent, this need will depehd an32

36 8.3.3.1 Source Investigation. The purpose of source investigation activities in the Z Plant37 Aggregate Area is to characterize the known waste management units and unplanned releases38 that exist in the operable unit and may contribute to the contamination of surface soil, vadose39 zone, surface water, sediment, air, and biota. The completeness of the characterization
40 effort will be assessed according to the needs of risk assessment,ARAs .compOiace, and41 remedial action selection, which will also determine what levels of the various constituents of42 concern comprise "contamination."
43
44 Source sampling should be conducted at waste management units or unplanned release45 locations where the available data indicate that dangerous, mixed, or radioactive wastes may
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be present. Activities which are proposed to be performed during the source investigations
include the following:

* Compile and evaluate additional existing data for the purpose of: verifying
locations, specifications of engineered facilities, and pipelines, and waste stream
characteristics; assessment of the construction and condition of boreholes/wells
that exist in the operable unit and their suitability for use for investigation
activities, QA/QC information, and raw data regarding radiological and hazardous
substances monitoring; and integrating any additional environmental modeling
data into the conceptual model. This has been done (on an aggregate area basis)
in this report; the process will be extended to site-specific planning and on-going
assessments of the investigation/remediation as it is carried out.

* Conduct surface radiological surveys of suspected or known source areas to
verify locations of surface and subsurface radiological contamination. Conditions
at specific sources should also be noted in order to plan sampling remediation
activities and worker health and safety.

* Conduct nonintrusive geophysical surveys
Penetrating-Radar) at specific waste management units (e.g, the 2607-Z-1 Septic
Tank and DrFi Field) and unplanned release locations to verify locations and
physical characteristics of source locations. Data generated from these activities
can be used in planning intrusive source sampling activities.

* Conduct beta/gamma spectrometer probe surveys to screen for near-surface
contamination and to confirm the absence or presence of some specific
radionuclides, which may be of particular concern. Existing boteholes wilkbe

usdtohe: maiun; extent, but new &bdidbole silay be neded at many oton
(to~ beectded4based onsreigrsuhLgigwUI 'be done bptlvbyKNal

detecto s'o pR mtersf&r apd creing>' aswl sthe RLS ign puiy
. gemanim lggin sysem.Westinghouse Hanford wil develop an EII

Procedure for the beta/gamma spectrometer probe surveys. The beta/gamma
spectrometer probe survey serves two purposes depending on the source
conditions: to confirm the absence of contamination in the near-surface soils; and
to serve as a screening tool to choose locations and quantities of vadose zone soil
borings. The need to conduct these surveys will be based (at least in part) on the
results of the surface surveys and on information about historical site burials.

* Soil gas surveys should be conducted at waste management units where volatile
organic chemicals are suspected, as a screening method to identify compounds
such as solvents and degreasers that may have been used during construction
activities. The soil gas survey should not be considered conclusive that volatile
organic compounds at lower concentrations may not be present. Soil gas survey
methods of EII 5.9 should be followed. Data from the soil gas surveys can be
used to help locate surface and near-surface samples and vadose zone borings.
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1 e Collect surface and near-surface samples of contaminated soils and/or waste
2 materials at selected locations. Specific sampling sites will be chosen to assess
3 particular facilities or releases. Additional sampling sites may be specified based
4 on results from nonintrusive investigations.
5
6 - Wipe samfples should be collected-as-p fth rvetgtin f ufc
7 contamnination or buildinig (or pax'emfeno surfaces. The wipe sample locatiolns caft
8 be chosen based Fm in ua observations and a surface radiation survey, conducte
9 during a site walkthrough.

10
11 8.3.3.2 Geologic Investigation. A geologic investigation should be performed to better
12 characterize the vadose zone and the nature of unsaturated sediments that make up this
13 system. The geologic investigation will include the following tasks:
14
15 * Borings may be advanced into zones where an accurate interpolation of the

ar 16 subsurface stratigraphy is important to understanding migration pathways in the
17 vadose zone. An investigation of the Plio-Pleistocene layer f which may be
18 causing perched water zones, may be especially valuable. Wst Maagement

19 uits n aras were hisunitmay ave n imor nf inlnare indicated in20 Tal codn t hte ece zone'tmoitortnp; wels are recommended.
21 Th k4 recomm nd w b n quanties of 1i4uidwaste received.by the

22unt Tale4-3 n the lHkelhood qf the PoPetcn ntbigpeeta
23 the location (SSecdon >3 4.3.3)

'y 24
25 * Geologic data collected during the ongoing vadose zone soil (Section 8.3.3.4) and
26 other (deeper) investigations (e.g., geologic and geophysical logs fro
27 g we .d) will be compared,

- 28 compiled, and evaluated.
29
30 8.3.3.3 Surface Water and Sediment Investigation. A surface water and sediment

1 31 investigation should be conducted. The investigation will include:
32
33 0 Radiation survey along ditches; trenches, and ponds for health and safety
34 purposes and to locate areas of elevated radiation for selection of specific soil
35 sampling locations.
36
37 e Sampling of surface water and sediment in any ditches, ponds, and trenches
38 which still contain water. This will Pbably be liited tbe 2Q7-Z<Reteitiio39 Ba inandthe21 6-Z2,-21 Sepg Basn.

40
41 8.3.3.4 Soil Investigation. The purpose of soil investigations is to determine physical and
42 chemical properties of the soil and to determine the nature, type, and extent of soil
43 contamination associated with waste management units and unplanned releases tO41QW

44 iito gof anterim rmia atosnd, tassess h q taittive nsk et ote sites.
45 Sampling will includewing
46

8-28
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" Samples of vadose zone soil will be collected and analyzed for constituents of
concern when wells are drilled for other studies (i.e., groundwater investigations)
in the vicinity of a waste management unit or unplanned release with reported
liquid disposals or spills. Organic vapor and radiation sampling will also be
performed.

* Data collected during this investigation will be evaluated to further understand the
contribution of contaminants to the vadose zone from specific waste management
units and/or unplanned releases and to define the hydrology and water quality in
the vadose zone system tr"Ou' i .... s.n...

conoinamtranportth _u$ "h aosezbne I mor Ipr e l t t spes

conducteS under hedizecdin pf the Groundwataw AA MSs.

8.3.3.5 Air Investigation. Any air investigations ( scale) should
consist of on-site particulate sampling as part of the health and safety program. In addition,
high-volume air samplers should be placed in appropriate on-site locations based on
evaluation of existing meteorological data. The purpose of these samplers will be to
determine if any migration of airborne contaminants occurs.

8.3.3.6 Ecological Investigation. Ecological investigation activitiesn Haf~iordSie-
a should include a literature search and data review, and a site walkthrough. ast

Thesativties vae daig and iite estih fAima
The aivities are intended to identify potential biota concerns which need to be

addressed in later phases of the site investigation. Particular emphasis should be given to
identifying potential exposure pathways to biota that migrate off site or that introduce
contaminants into the food web. DIthbinedin thIs surve b used in, suppbrt &f

refnig te jneptuafmodei, xtgi n prfrih ecological rnsk assessments, anrd willbe used toass9Mes4Vs. 0it remedatio dme1sures.

A cultural resourcee investigation should be coniducted in the Z Plant Aggregatte-Area to
vefify the locations of krnown afcheological sites by rev-iewing existing dlata. The focuts ot
the investigation will be to confirm that no arehaeological reore -r rseta pooe
drilliig-sites.

8.3.3.7 Seismie Refleetion Oebphysical Stratigrphic Survey. A seismic reflection
survey will be conducted across the operable- it.g.e.....a to

help characterize the geology and hydrogeology of the vadose zone. Of particular interest
are perched water zones and the caliche layer (an important aquitard) in the Plio-Pleistocene
Unit.

8.3.3.8 Process Effluent Pipeline Integrity Assessment. An assessment of process effluent
pipeline integrity should be conducted early in site investigation activities to look for
potential leaks and therefore possible areas of contamination. Initially, as part of this effort,
drawings of the process lines and encasements within the operable unit should be reviewed
and their construction, installation, and operation evaluated. Specific lines will then be
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1 selected for integrity assessment with emphasis on lines serving the waste management units
2 that have received large volumes of liquid (e.g., cribs). Results of the integrity assessments
3 will be evaluated and additional sampling activities may be recommended for subsequent
4 studies.
5
6 8.3.3.9 Geodetic Survey. Geodetic surveys will be conducted after the installation and
7 completion of each phase of investigation. The survey will be to locate the horizontal
8 locations of surface and near-surface soil samples; corners of geophysics, soil gas, and
9 beta/gamma probe surveys; and surface water and sediment sample locations. Horizontal and

10 vertical locations of all vadose zone soil borings and perched zone wells will be surveyed.
11 The geodetic survey will be conducted by a professional surveyor licensed in the state of
12 Washington.
13
14 8...0Clua eore TIivestigatxoa. AWcuhtirf rsuc nesiainmyb

157
16 rceoogcalsiesbyreiewngexstngdata. Th ouso h investgai5n will be to

17 cnfr .htn>,.aooiclrsure r preSentatpropd dril1in4sites in undisturbed18 g
19
20 8.3.4 Data Evaluation and Decision-Making
21
22 Data will be evaluated as soon as results for each episode (e.g., soil gas, found-ef
23 water sampling, drillig program: raation isrenig, drlffing esUs) become available for
24 use in restructuring and focusing the investigation activities. Data reports will be developed- 25 that summarize and interpret new data. This iludes grund wte samlig a&d'RLn
26 b eAMS. Data will be used to refine the conceptual model,
27 further assess potential contaminant-specific ARARs, develop the q4Ut tV risk
28 assessment, and assess remedial action alternatives.
29
30 The objectives of data evaluation are:
31
32 * To reduce and integrate data to ensure that data gaps are identified and that the
33 goals and objectives of the Z Plant AAMS are metj-aid
34
35 0 To confirm that data are representative of the media sampled and that QA/QC
36 criteria have been met.
37

8-30
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Table 8-1. Uses of Existing Data for Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 4)

Development of Sampling Plans Health and Safety

Location Possible Depth of Surface Expected
Waste Management Unit Contamination Contamination Radiation Max. Level

Tanks and Sanitary Vaults
216-Z-8 Settling Tank X X

241-Z-361 Settling Tank X

Cribs, Trenches and Tile Fields

216-Z-1 and 216-Z-2 Cribs X X X X

216-Z-3 Crib X X X X

216-Z-5 Crib X X X X

216-Z-6 Crib X X X X

216-Z-7 Crib X X X X

216-Z-12 Crib X X X X

216-Z-16 Crib X X X X

216-Z-18 Crib X X X X

216-Z-8 French Drain X X X X X

216-Z-13 French Drain X X X

216-Z-14 French Drain X X X

216-Z-15 French Drain X X X

216-Z-1A Tile Field X X X X X

0

on
U

w

0
0

%0

00
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Table 8-1. Uses of Existing Data for Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 4)

Development of Sampling Plans Health and Safety

Location Possible Depth of Surface Expected
Waste Management Unit Contamination Contamination Radiation Max. Level

Reverse Well

216-Z-10 Reverse Well X X X X

Ponds, Ditches, and Trenches

216-Z-4 Trench X X X
216-Z-9 Trench X X X X X
216-Z-17 Trench X X X X

- - -__ _Septic Tanks and Associated Drair Fields

2607-Z Septic Tank and Drain X
Field

2607-Z-1 Septic Tank and Drain X
Field

2607-WA Septic Tank and Drain X
Field

2607-WB Septic Tank and Drain X
Field

2607-W-8 Septic Tank and Drain X
Field

Transfer Facilites, Diversion Boxes, and Pipelines

241-Z Diversion Box No.1 X X

0

00

0r

U
~1

w

U-
0

00
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Table 8-1. Uses of Existing Data for Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 4)

Development of Sampling Plans Health and Safety

Location Possible Depth of Surface Expected
Waste Management Unit Contamination Contamination Radiation Max. Level

241-Z Diversion Box No. 2 X X

231-Z-151 Sump X X

Bashis

207-Z Retention Basin X X

216-Z-21 Seepage Basin X X

Solid Waste Btrial Sites-..

218-W-1 Burial Ground X X X

218-W-1A Burial Ground X X X

218-W-2 Burial Ground X X X

218-W-3 Burial Ground X X X

218-W-4A Burial Ground X X X

218-W-11 Burial Ground X X X

Z-Plant Burn Pit X

Unplanned Releases

UN-200-W-11 X X

UPR-200-W-16 X X

UN-200-W-23 X X

UPR-200-W-26 X X

00

tU
0

t
00
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Table 8-1. Uses of Existing Data for Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 4)

Development of Sampling Plans Health and Safety

Waste Management Unit

UN-200-W-44

UPR-200-W-53

UPR-200-W-72

UPR-200-W-84

UN-200-W-89

UN-200-W-90

UN-200-W-91

UN-200-W-103

UN-200-W-130

UPR-200-W-134

UPR-200-W-158

UN-200-W-159

0

Location

X

X

X

X

X

X

X

X

X

Possible Depth of
Contamination Contamination

X

X

X

X

X

X

X

X

X

X

X

Expected
Max. Level

00

297828&fABLR8.1

Surface
Radiation

X

0
0

00
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Table 8-2. Data Needs for Preliminary Remedial Action Alternatives
for the Z Plant Aggregate Area.

Chemical/Radiochemical
Alternative Physical Attribute Attribute

1. Multimedia Cover - areal extent . surface radiation
(plus possible vertical * depth of contamination * biologic transport potential
barriers) * structural integrity

(collapse potential)
* run-off/run-on potential
* cover properties (permeability) -

2. In Situ Grouting/ * areal extent * solubility
Stabilization * depth * reactivity

* particle size * leachability from grout medium
* hydraulic properties

(permeability/porosity)
* stratigraphy
* borehole spacing
* grout/additive mix parameters

3. Excavation, Soil * areal extent * toxicity/radioactivity
Treatment, and o depth" * levels of contaminants
Disposal * particle size * solubility/reactivity

- silt-size (dust) content * soil chemistry (relative affinity)
- excavation stability * concentrations in PM-10 fraction

. spent solvent treatment/disposal options

4. In Situ vitrification * areal extent * volatility
* depth . reactivity
- soil/waste conductivity 0 leachability/integrity
* thermal properties * off-gas treatment waste disposal options
* moisture content
o voids
* air permeability

5. Excavation, Above o areal extent" 0 concentrations of TRU
Ground o depth" * toxicity/radioactivity
Treatment,and * mineralogy of soil/waste * levels of contaminants
Geologic Disposal * particle size . concentrations in PM-10 fraction

0 silt-size (dust) content * reactivity
* excavation stability 0 leachability/integrity of final waste form
- treatment parameters

6. In Situ Soil Vapor * areal extent . volatility of constituents (Henry's Law
Extraction * depth Constant)

0 locations/depth of highest . non-volatile organics
concentrations (vapors, adsorbed) * levels

* stratigraphy * volatile radionuclides (Radon)
* soil permeability/porosity . treatability (catalytic oxidization)
o voids

" May be obtained during remediation using the observational approach recommended by the Hanford Site Past-
Practice Strategy (DOE/RL 1992a).

8T-2
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Table 8-3. Analytical Levels for the Z Plant Aggregate Area.

Level Description

LEVEL I Field screening. This level is characterized by the use of
portable instruments which can provide real-time data to
assist in the optimization of sampling point locations and for
health and safety support. Data can be generated regarding
the presence or absence of certain contaminants (especially
volatiles) at sampling locations.

LEVEL II

LEVEL III

LEVEL IV

Field analysis. This level is characterized by the use of
portable analytical instruments which can be used onsite, or
in mobile laboratories stationed near a site (close-support
laboratories). Depending on the types of contaminants,
sample matrix, and personnel skill, qualitative and
quantitative data can be obtained.

Laboratory analysis using methods other than the Contract
Laboratory Program (CLP) Routine Analytical Services
(RAS). This level is used primarily in support of
engineering studies using standard EPA-approved
procedures. Some procedures may be equivalent to CLP
RAS without the CLP requirements for documentation.

Contract Laboratory Program (CLP) Routine Analytical
Services (RAS). This level is characterized by rigorous
QA/QC protocols and documentation and provides
qualitative and quantitative analytical data. Some regions
have obtained similar support via their own regional
laboratories, university laboratories, or other commercial
laboratories.

LEVEL V Nonstandard methods. Analyses which may require method
modification and/or development are considered Level V by
CLP Special Analytical Services (SAS).

8T-3
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 1 of 5)

Soil/Sediment Water

Radionuclides Analysis" PQ0Y Precision" Accuracy" Analysisu PQLI Precision" Accuracy"
in pCi/g in RPD in % in pCi/L in RPD in %

Gross Alpha 900.0 M TBD +30 +25 900.0 10 +25 +25
Gross Beta 900.0 M TBD +30 +25 900.0 5 +25 +25
Gross Gamma TBD TBD +30 +25 TBD TBD +25 +25
Actinium-225 907.0 M TBD +30 ±25 907.0 TBD +25 +25
Actinium-227 TBD TBD +30 +25 TBD TBD +25 +20

Americium-241 Am-01 TBD +30 +25 Am-03 TBD +25 +25
Americium-242 TBD TBD +30 +25 TBD TBD +25 +25
Americium-242m TBD TBD +30 +25 TBD TBD +25 +25
Americium-243 Am-01 TBD +30 +25 Am-03 TBD +25 +25

Barium-133 TBD TBD +30 +25 TBD TBD +25 +25
Bismuth-210 TBD TBD +30 +25 TBD TBD +25 +25
Bismuth-211 TBD TBD +30 +25 TED TBD +25 +25
Bismuth-213 TBD TBD +30 +25 TBD TBD +25 +25
Bismuth-214 TBD TBD +30 +25 TBD TBD +25 +25

Carbon-14 C-01 M TBD +30 +25 TBD TBD +25 +25
Cesium-134 D3649 M TBD +30 +25 D3649 M TBD +25 +25
Cesium-137 D3649 M TBD +30 +25 D3649 M TBD +25 +25
Cobalt-60 D3649 M TBD +30 +25 D3649 M TBD +25 +25
Curium-242 907.0 M TBD +30 +25 907.0 TBD +25 +25

S 0

00

-i
U

w

U
0
m

0>
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 2 of 5)

Radionuclides

Iodine-129
Lead-209
Lead-210
Lead-211
Lead-212

Lead-214
Neptuninm-237
Neptunium-239
Nickel-59
Nickel-63

Niobium-93m
Plutonium
Plutonium-238
Plutonium-239/240

Plutonium-241
Polonium-214
Polonium-215
Polonium-218
Potassium-40

L.
Analysis"

Soil/Sediment
I I 1 i I

PQL"
in pCi/g

Precision"
in RPD

Accuracy"
in %

in nfl/i. in RFl f in 0-'

Analysis"

902.0 M
TBD

Pb-01 M
TBD
TBD

TBD
TBD
TBD
TBD
TBD

+30
+30
±30
±30
+30

+25
+25
+25

+25
+25

902.0
TBD
Pb-01
TBD
TBD

±25 +-25
TBD

907.0 M
D3649 M

TBD
TBD

TED
Pu-02
Pu-02
Pu-02

TBD
TBD
TBD
TBD

D3649 M

TBD
TBD
TBD
TBD
TBD

TBD
TBD
TBD
TBD

TBD
TBD
TBD
TBD
TBD

+30
+30
+30
+30
+30

+30
+30
+30
+30

+30
+30
+30
+30
±30

+25
+25
+25
+25
+25

+25
+25
+25
±25

+25
+25
+25
+25

+25

TBD
907.0

D3649 M
TBD
TBD

TBD
Pu-10
Pu-10
Pu-10

TBD
TBD
TBD
TBD

D3649 M
1.. 1__ _ __

PQL" Precision' Accuracy"

00

TBD
TBD
TBD
TBD
TBD

+25
+25
+25
+25

+25
+25
+25
+25

TBD
TBD
TBD
TBD
TBD

TBD
TBD
TBD
TBD

TBD
TBD
TBD
TBD

+25
+25
+25
+25
+25

+25
+25
+25
+25

+25
+25
+25
+25

U

U
0

00

+25
+25
+25
+25
+25

+25
+25
+25
+25

+25
+25
+25
+25

Water
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 3 of 5)

Soil/Sediment Water

Radionuclides Analysis" PQL" Precision" Accuracy" Analysis" PQL Precision" Accuracy"
in pCi/g in RPD in % in pCi/L in RPD in %

Selenium-79 TBD TBD +30 +25 TED 2.5 +25 +25
Sodium-22 D3649 M TBD +30 +25 D3649 M TBD +25 :25
Strontium-90 Sr-02 TBD +30 +25 Sr-02 TBD +25 +25
Technetium-99 Tc-01 M TBD +30 +25 Tc-01 TBD +25 +25
Thallium-204 TBD TBD +30 +25 TBD 300 +25 +25

Thorium-227 00-06 TBD +30 +25 00-07 TBD +25 +25
Thorium-229 00-06 TBD +30 +25 00-07 TBD +25 +25
Thorium-230 00-06 TBD +30 +25 00-07 TBD +25 +25
Thorium-231 TBD TBD +30 +25 TBD TBD +25 +25
Tritium 906.0 M TBD +30 +25 906.0 300 +25 +25

Uranium-233 U TBD +30 +25 908.0 TBD +25 +25
Uranium-234 U TBD +30 +25 908.0 TBD +25 +25
Uranium-235 U TD +30 +25 908.0 TBD +25 +25

Uranium-236 U TBD +30 +25 908.0 TBD +25 +25
Uranium-238 U TBD +30 +25 908.0 TBD +25 +25
Yittrium-90 Sr-02 TBD +30 +25 Sr-02 TBD +25 +25

0

00
U

w

0
0tj

00
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 4 of 5)

Soil/Sediment

Inorganics Analysis" PQL" Precision" Accuracy '
in mg/kg (RPD) (%)

iCflifl I flAt I
350.2 M

7061

6010
6010
6010

6010

6010

6010

7471

500
0.02

0.02

TBD

0.459

0.027
0.062

Aluminum
Ammonia
Arsenic

Barium
Boron
Cadmium

Chromim

Fluoride

Lead

Manganese
Mercury
Nickel

Nitrate
Nitrite
Selenium

Titanium
Vanadium
Zinc

353 M
353 M
6010

6010
6010
6010

TED
TBD
0.75

TBD +25
0.08 +25
0.02 ±25

Water

Analysis" PQL Precision" Accuracy"
in pg/L (RPD) (%)

6010 450 +20 +25
350.2 50 20 2
7061

6010
6010

335.3

340
6010 |
6010 |

6010
245.2
6010

270.2

6010
286.2
6010

10

20
TBD

1

10
10

50

70
450

20
2

50

+20

+20
+20

+20

+20
+20
+20+20
220
±20

25
+25
+25

+25

+25

+25

±25
+25

+25
+25
+25

+25

+25

+25

±25

+25
+25
+25

±25
+25
+25

+25

25

±25

+25
±25

tU

U
0

00

0

00

6010 1 1.5

6010i45
+30
+30
±30

-+30
+30

+30

+30
+30
±30

+30
+30

+30

+30

+30

+30
+30

130 +20

40 +20
20 +20

TBD +20
40 +20
20 +20
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Table 8-4. Comprehensive List of Analytes and Parameters for the Z Plant Aggregate Area. (Sheet 5 of 5)

Notes:
TBD To Be Determined
M EPA method modified to include

is therefore TBD.
PQL Practical Quantitation Limits
RPD Relative Percent Difference
mg/kg milligrams per kilogram
pg/L micrograms per liter

11

Soil/Sediment Water

Organics Analysis" PQLu Precision" Accuracy" Analysis" PQLY Precision" Accuracy"
in mg/kg (RPD) (%) in pg/L (RPD) (%)

Acetone 8240 0.1 +25 +30 8240 100 +20 +25
Carbon tetrachloride 8240 0.005 +25 +30 8240 1 +20 +25
Chloroform 8240 0.005 +25 +30 8240 5 +20 +25

DDT 8080 0.008 +25 +30 8080 0.1 +20 +25
Kerosene 8015 M 20 +35 +30 8015 M 500 +35 +25
Methylene chloride 8240 0.005 +25 +30 8240 5 +20 +25

MIBK 8015 0.5 +25 +30 8015 5 +20 +25
Toluene 8240 0.005 +25 +30 8240 5 +20 +25
Tributyl phosphate TBD TBD +35 +30 TBD TBD +30 +25

extraction from the solid medium, extraction method is matrix- and laboratory-specific

Prescribed Procedures for Measurements of Radioactivity in Drinking Water (EPA 1980a)
Test Methods for Evaluation of Solid Waste (SW 846) Third Edition (EPA 1986)
Methods for Chemical Analysis of Water and Waste (EPA 1983a)

" Precision and accuracy are goals. Since these parameters are highly matrix dependent they could vaty greatly from the goals listed.

S

U00
Ui
0

00
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Table 8-5. Data Gaps by Waste Management Unit Category.

Waste Management Unit Identified Data Gaps
Category

Tanks * Integrity of tanks and piping
* Contaminant concentrations in tank wastes
* Volume of tank wastes
* Contaminant concentrations and distributions in soils

beneath tank

Cribs, Trenches, Tile * Surface soil contaminant concentrations
Fields, Drain Fields * Subsurface soil contaminant concentrations

* Soil gas contaminant concentrations
* Vertical/lateral extent of contamination
* Specific constituents (especially organics and heavy

metals)

French Drains, Reverse * Subsurface soil contaminant concentrations
Wells * Vertical/lateral extent of contamination

* Specific constituents

Burn Pit * Specific constituents (organics, heavy metals)

Retention Basin 0 Surface radiation readings
* Surface sediment contaminant concentrations
* Subsurface soil contaminant concentrations
* Specific constituents

Seepage Basin * Surface water concentrations
* Sediment concentrations
* Vertical/lateral extent of contamination

Burial Grounds * Surface soil contaminant concentrations
* Subsurface soil contaminant concentrations
* Vertical/lateral extent of contamination
* Specific constituents (organics/heavy metals)

Unplanned Releases * Constituents and concentrations in subsurface soils.
* Distribution/extent of subsurface contamination.

8T-5
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Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 1 of 4)

Perched
Surface Subsurface Soil Surface Subsurface Zone

Radiation Spectral Surface Gas Soil Soil Monitor-
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling ing Wells Remarks

Tanks and Vaults

216-Z-8 Settling Tank X X Analogous Site
241-Z-361 Settling Tank X X Analogous Site

-- -_ _ Cribs and-Drains

216-Z-1 & 216-Z-2 Cribs X X X Analogous Site

216-Z-3 Crib X X X Analogous Site

216-Z-5 Crib X X X Analogous Site

216-Z-6 Crib X X X Analogous Site

216-Z-7 Crib X X X Analogous Site

216-Z-12 Crib X X X A A Analogous Site

216-Z-16 Crib X X X Analogous Site

216-Z-18 Crib X X X Analogous Site

216-Z-8 French Drain X X X X

216-Z-13 French Drain X X X

216-Z-14 French Drain X X X

216-Z-15 French Drain X X X

216-Z-IA Tile Field X X A X A A Analogous Site*

Reverse Well

216-Z-10 Reverse Well X X X X X

00

0

0

0i

00
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Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 2 of 4)

Perched
Surface Subsurface Soil Surface Subsurface Zone

Radiation Spectral Surface Gas Soil Soil Monitor-
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling ing Wells Remarks

Ponds, Ditches, and Trenches

216-Z4 Trench X X X Analogous Site

216-Z-9 Trench X X X X Analogous Site*

216-Z-17 Trench X X X Analogous Site

- -________ _ _Septic Tanks and Associated Drain Fields -

2607-Z Septic Tank and Drain Field X X X

2607-Z-1 Septic Tank and Drain X X
Field

2607-WA Septic Tank and Drain X X X
Field

2607-WA Septic Tank and Drain X X 6t
Field

2607-W-8 Septic Tank and Drain X X
Field

Transfer Facilities, Diversion Boxes, and Pipeline -

241-Z Diversion Box No. I X X Analogous Site

241-Z Diversion Box No. 2 X X Analogous Site

231-Z-151 Sump X X Analogous Site

- - _Basins

241-Z Retention Basin X X X

216-Z-21 Seepage Basin Xx X

00

0'



0

Perched
Surface Subsurface Soil Surface Subsurface Zone

Radiation Spectral Surface Gas Soil Soil Monitor-
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling ing Wells Remarks

Burial Sites

218-W-1 Burial Ground x Analogous Site

218-W-IA Burial Ground x Analogous Site

218-W-2 Burial Ground x Analogous Site

218-W-3 Burial Ground x Analogous Site

218-W-4A Burial Ground x A Analogous Site

218-W-11 Burial Ground X X Analogous Site

Z Plant Bum Pit X X X

___________________ ______ - Unplanned Releses

UN-200-W-11 X X 218-W-1 Burial Ground

UPR-200-W-16 X X 218-W-4A Burial Ground

UN-200-W-23 X X X

UPR-200-W-26 X X 218-W-4A Burial Ground

UN-200-W-44 X X

UPR-200-W-53 X X 218-W-4A Burial Ground

UPR-200-W-72 X X 218-W-4A Burial Ground

UPR-200-W-84 x X 218-W-1 Burial Ground

UN-200-W-89 X X

UN-200-W-90 X X

UN-200-W-91 X X

0

Oj

0

w'

00

9 2 1 2 .5 1 3 0

Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 3 of 4)

00
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Table 8-6. Applicable Characterization Methods at Z Plant Aggregate Area Waste Management Units. (Sheet 4 of 4)

Perched
Surface Subsurface Soil Surface Subsurface Zone

Radiation Spectral Surface Gas Soil Soil Monitor-
Waste Management Unit Survey Geophysics Geophysics Survey Sampling Sampling ing Wells Remarks

UN-200-W-103 X X X

UN-200-W-130 X X X 231-Z-151 Sump

UPR-200-W-134 X X 218-W-1 Burial Ground

UPR-200-W-158 X X 218-W-lA Burial Ground

UN-200-W-159 X X

Notes:
A Representative analogue site for investigation of units in this waste management unit category.

Analogous to cribs.

0*

U

w

0

00
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9.0 RECOMMENDATIONSSB 1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

en 16
17
18
19
20
21

S22
23
24
25
26
27
28
29
30

I 31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

0 46

9-1

The purpose of the AAMS is to compile and evaluate the existing body of knowledge
to support the Hanford $ Past-Practice Strategy (Thempsen-1-994 ER 2
decision-making process. A primary task in achieving this purpose is to assess each waste
management unit and unplanned release within the aggregate area to determine the most
expeditious path for remediation within the statutory requirements of CERCLA and RCRA.
The existing body of pertinent knowledge regarding Z Plant Aggregate Area waste
management units and unplanned releases has been summarized and evaluated in the previous
sections of this study. A data evaluation process has been established that uses the existing
data to develop preliminary recommendations on the appropriate remediation process path for
each waste management unit and unplanned release. This data evaluation process is a
refinement of the Hanford $ie Past-Practice Strategy (Figure 1-2) and establishes criteria for
selecting " appropriate Hanford Sii Past-Practice Strategy paths (expedited response action,
ERA; interim remedial measures, IRM; limited field investigation, LFI; and final remedy
selection) for individual waste management units and unplanned releases within the 200

Areas. ....>%a . .. .. .....Ars. e path seleEtd C% esulssot
prYcs$%&eprovidea in See ih tV9 ad f2, %esfeivey./F gre 90 3rovid4s ;a lowchajt
Ateata T has f! Itprovxdes a siimmartyVi oe

Po" 9x prrov et thk

This section presents recommended assessment paths for the waste management units
and unplanned releases at the Z Plant Aggregate Area. These recommendations are only
proposed at this time and are subject to adjustment and change. Factors that may affect
development of final recommendations include, but are not limited to, comments and advice
from EPA, Ecology, or DOE, identification and development of new information, and
modification of the criteria used in the assessment path decision-making process. P

..... W.M................................. 9. w~avalaon process'pepicted~ unVigure9 d dicssed wn Scin wadeiedt

fl;~~AX4? innotel ~r ~~dtKrt

e na iiaton step swor

develped frthe ctual iestmiatinan rmditin civtis
A ru seassiex A f th F ite ). Prfe ur a and i dmpanhseleefe ireiem ~ eten 9. r

igurp9aem with a he e provided in phis hat wi be peased T
dI- h t - e9nf. RrtaW cittygreewnn4 n T

Afeement) data eCal. lhe n-.anges in
recommendations will be addressed, and more detail on recommended assessment pats for
waste management units and unplanned releases will be included, in work plans as they are
developed for the actual investigation and remediation activities.
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1 Table 9 1 provides a suimma~ of the rocofmondationis of the refmodiation procoss path0
2 assessment for Z Planlt Aggregate Arca waste mnagomonet units and unplanned releases.
3 Table 9 2 provides a summfna' of decisions mfade during the data e,.valuation procoss path
4 assesment for Z Plant Aggregate Arca waste mfafiagemnt units and unplanned releases.
5 Docisionis and rocommoindationts afc summinefzed in the following paragraphs and discuissod i
6 deel in the romainder of this section.
7
8 Two septic tanks a-nd associated sanitar drain fields were rocommondoed for an ERA to
9 assess whether the liquid diseharged to the systomn is moebilizing contamfination beneath tho

10 216 Z 3 Crib, 216 Z 8 French Drain, and 216 Z 9 Tronch and to takc corrocetivo action, it
11 required. An ERA for liquid removal from two tanks, the 216 Z 361 Scaling Tank
12 and the 216 Z 8 Settling Tank, is recommended to minimize potential leakage. Several
13 waste management units assessed within the ERA path were recommended for actions that
14 fall within the scope of existing operational programs. Wooden cribs with collapse potential
15 and waste management units with elevated levels of surface radionuclide contamination were
16 r:mm:nd. d for rspons unde ddrssd by the Radiation Area Remedial Aetion
17 (RARA) program. ExReditRsnse1A s NU comnffided for thre sie wih;y
18 ntri b oaminant

19
20 A majority of waste management units and unplanned releases do not have information
21 regarding the nature and extent of contamination necessary for quantitative or qualitative risk
22 assessment, especially with regard to hazardous constituents, and were recommended for
23 additional investigation. Nla rlI are
24 eomn s (. LFIs were recommended for all cribs and

e" 25 associated trasfer units (211 Z Diversion Boxes No. 1 and No. -2 and the -231 Z 151 Skimp),
. 26 al trenches, the 216 Z !A T ile Ffield, and-fet sI2 solid waste burial ites gronds 4-2-

27 W 1, 218 W 2, 218 W 3, and 218 'N 4A Bual Grounds) ($ecin9,2J.3) d a
28 V tpa"s A risk assessment was recommended for feuf ge unplanned releases for

N 29 which sufficient information appears to exist to perform the assessment; available information
30 indicates that the risk assessment would likely conclude that no further remediation will be
31 necessary Two rceffdial in'cstigations wer s
32 areMtA I isrecommended for the remaining liquid waste disposal units and solid waste
33 disposal units, along with their corresponding unplanned releases (SectiQn92.4.).
34
35 Sc'.'ral Z Plant Aggrogate tkZfe facilitics arc TSD facilitics and arc planned to bo
36 addrcssed undor thc RCRX program for thc Haford Sit. Those facilities include: the 218
37 WN 2A, 218 WN 3A, 2118 WN 3AE, 218 WN IB, 218 WN 4C, and 218 MI 5 Burial Grouinds, and
38 the proposed 218 'N 6 Burial Ground; the Radiopotivo Mixed VWastc (PcNW) Storage
39 Facility; the proposed Waste licociving and Procossing QNRAP) facility; anid the 241Z
40 Troatment Tank (including Tanks D 4, D 5, D 7, and D 8). Because these facilitics are
41 incluided int a RCRX Part B pefrmit application afld will be closed in accordanoc with thceS
42 facility closure reqUircrncnts, no action uinder the AAMS is contomfplated. Six unplanined
43 releases (UPR 200 WN 15, UN 200 WN 71, UN -200 II :75, UN -200 V.' 79, UN 200 W1 132,
44 and UPR 200 )' 158) arc clesely associated with the TSD fiacilitics anid as a roesult arc
45 simnilarfly rocommonndod for considoradon tinder the RCRA programa.
46

9-2
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Wasoe manaiime t aa unpned reea&&swiiub are address~ed entirelyi4y olh&
prgrmswreno ubece Th Ihe data evahao pm &is&. Tfris indhuJes units and

unland elaes ht: V ithiThe& *Speofh x ngehe Tnk4ur P*$a,
Decomis onig ad RCA Cosu> Pr :u an isihe ~ i 'aCe surne Program, h

The -216 Z 9 Trenceh is dlso scheduled for decentamninatien and decomsioigi
fiscald yeaF 2011 under the HwAfrd Suiilus Facilities Program. Due to its low to moederate
relative Ask rning (Scion T5.9 , the 216 Z 9 Trenh i reonimended fr L+I in adan
of the proposed deoemmissioning date to evaluate the potential extent of radinolido and
orgemic chemnical contamninator, in the soil columffn benteath the facility.

L~ ad ma rmeyselection,& is: providet inScin91 etin92poie
disusston otdterwaot nianagemev untw grouped une c of~ tnese path. Awseussioo
vi regroupin a rirnu fthw e m age ns is providedi i Sdidn
Recommendations ftc reeni per]&blunt bndaies and prioritizing permble unitfr

workpla deelomemarealsoproide inSecan 1 A aggregn atemae il
chrceiainsud srcmeddto be rndertae tq ase4 ypi1 gse i k§

&4&eSkctibft 9.16Y All recomm ndatbtins for future characteriation needs (sWSecinZ.O)

sumual lu b iomlipsld in accordnc&*with e mtHrit .ay.
Praciet im~g rul theTri-arty Areemnentand $ udicuermeilivsgn

al (FSS RrCRAY actity Xnvesttgation (RV.) ec±4 Me..uie .St.d.

)4IS orN wo k plans~ Sections 94 and 9,5roVide recmmedtdn&Thor f6&Iused

9.1 DECISION-MAKING CRITERIA

The criteria used fe . assessng the most expeditious remediation process path are
based primarily on urgency for action and whether the data are adequate to proceed along a
given path (Figure 9-1). All waste management units and unplanned releases that are not
completely addressed under other Hanford Site programs are assessed in the data evaluation
process. All of the units and unplanned releases that are addressed in the data evaluation
process heve-beee initially evaluated as candidates for an ERA. Units and unplanned
releases where a release has occurred or is imminent beeemea a f~d~ candidate) for
ml ERA&. Conditions that might trigger an ERA are the determination of an unacceptable
health or environmental risk or a short time frame available to mitigate the problem
(Thmse-1-99-1 gg ) As a result, ERA candidates were evaluated against a set
of criteria to determine whether potential for exposure to unacceptable health or
environmental risks exists. Waste management units and unplanned releases that are
recommended for ERAs will undergo a formal evaluation following the selection process
outlined in Prioritizing Sites for Expedited Response Actions at the Hanford Site (W HC
1991Ib).
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1
2 Waste management units and unplanned releases that are not recommended for
3 s an ERA continue through the data evaluation process. Units and unplanned
4 releases continuing through the process that potentially pose a high risk (refer to Section
5 5.0), become candidates for idea§o s an IRM. The criteria used to determine a
6 potential for high risk, thereby indicating a high priority site, were the HRS score used for
7 nominating waste management units for CERCLA cleanup (40 CFR 300), the amifid
8 r (mHRS5 scores, surface radiation survey data, and rankings by the
9 Environmental Protection Program (Huckfeldt 1991b). Units and unplanned releases with

10 HRS and mHRS scores greater than 28.5 (the CERCLA cleanup criterion) were designated
11 as isf IRM eandidates Vsdri. Units and unplanned releases that did not have an
12 HRS score were compared to similar sites to establish an estimated HRS score. Units and
13 unplanned releases with surface contamination greater than 2 mrem/hr exposure rate, 100
14 ct/min beta/gamma above background or alpha greater than 20 ct/min were also designated
15 as IRM candidates. In addition, surface contamination sites which had an Environmental
16 Protection Program ranking of greater than 7 were further designated as IRM- andidates
17 candidate IRM Aifd. Thelhi&WI&YaG ad fm...... .. t , . ..... e
18 wetghuse .an.ord RadtbtOnrtecton Manluat ( C99 Op xqurmnts In
19 addition, surface contamination sites which had an Environmental Protection Program
20 ranking of greater than 7 were fai4her E1sp designated as IRM candidates. 'A.. rMT ij
21 s th ng rn. The IRMS22 candidates are listed in Table 5-1, which summarizes the high priority sites. Tefqrrsk
23 iniaosaebsed .on bigd data (rfe4t Se&tiin pi)adthrfr ay not adequateIy

24 rpreenttheactal rsk ose bythesit. Tehnial udgmen. wclgding assessmenit of'n25 siilr ,sinsie.prAina is 5ieQa ueYt0icud its o rned as high privnty

262

27 in th lito ie ne cosdto fO.9j an ItRMv IRM candidates were then further
27 evaluated to determine if an IRM is appropriate for the waste management unit or unplanned
28 release. IRM candidates that did not meet the IRM criteria were placed into the final remedy29 selection path. A furedata b avai5a& the lis f uniis xecommended or
30 idea:n.s.Ms.e a be'a2tered.
31
32 For certain units and unplanned releases, it was recognized that remedial actions could
33 be undertaken under an existing operational or other Hanford Site program (e.g. RARA or
34 SYrps y sprograms). As a result,
35 recommendations were made that remedial actions be undertaken (partially or completely)
36 outside the 200 AAMS past practice program. Units or unplanned releases that could be
37 addressed only in part by another program (e.g., surface contamination cleanup under the
38 RARA program) remained in the 200 AAMS data evaluation process for further
39 consideration. If it cannot be demonstrated that these units or unplanned releases will be
40 addressed under the operational program within a time frame compatible with the past
41 practice program, they will be readdressed by the 200 AAMS process. Ta i aI f wat
42 manag me.t .I. Ionps ork pians
43 deeoe for eah operabe4 i/grgt ra

44
45 Units and unplanned releases recommended for complete disposition under another
46 program (e.g., elosuroe undor the RCRA 15 t. D i ii an

9-4
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9.1.1 Expedited Response Action Path A ca
,act

ERA candidates are evaluated to determine if they pose an unac.ceptable health or
environmental risk a a sort thme-framts. All waste
management units and unplanned releases, other than those recornmeided for complete
disposition under another Hanford program, are assessed against the ERA criteria.

The Hanford Past-Practice Strategy describes conditions, thabznight trigger
abatement of a candidate waste management unit or unplanned releastesnder an ERA.
Generally, these conditions would rely on a determination of, or sus'tted, existing or future
unacceptable health or environmental risk, and a short time-frame a&able to mitigate the
problem. Conditions include, but are not limited to:

* Actual or potential exposure to nearby human populationsAbiota, or the food
chain from hazardous substances and radioactive or mixedtwaste contaminantst

T'
" Actual or potential contamination of drinking water suppries or sensitive

ecosystemst \ rc
"4r

* Threats of release of hazardous substances and radioactivd or mixed waste
contaminantst

* High levels of hazardous substances and radioactive or ni4Aed waste contaminants
in soils that pose or may pose a threat to human health pt. the environment, or
have the potential for migration- ,ar

* Weather conditions that may increase th potential for relMse or migration of
hazardous substances and radioactive or mixed waste coftaninantst

ese s
" The availability of other appropriate federal or state response mechanisms to

respond to the releaset

9-5

CRA Csr program) were not considered in the 200 AAMS daplevaluation process. In
addition, potentially new sites that were identified during the AAMS were also not
considered. It is recommended that a formal determination be madeirogarding the regulatory
status of all new sites following established procedures before they are considered further
under the 200 AAMS data evaluation process. N.itsw dflid Pn .......

ial
syst

Specific criteria used to develop initial recommendations for ERA§, LFIh, and IRMz
for waste management units and unplanned releases within the aggregape area are provided in
Sections 9.1.1. and 9.1.2. Units and unplanned releases not initially addressed under an
ERA, LFI, or IRM will be flst evaluated under the final remedy selection path discussed in
Section 9.1.3. 1 sc

an?
A tl

9-6
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1 * Time required to develop and implement a final remedyt
2
3 * Further degradation of the medium which may occur if a response action is not
4 expeditiously initiated;
5
6 * Risks of fire or explosion or potential for exposure as a result of an accident or
7 failure of a container or handling system;-atid
8
9 e Other situations or factors that may pose threats to human health or welfare or

10 the environment.
11
12 These conditions were used as the initial screening criteria to identify candidate waste
13 management units and unplanned releases for an ERA. Candidate units and releases which
14 did not meet these conditions were not assessed through the ERA evaluation path. Additional
15 criteria for further, detailed screening of ERA candidates were developed based on the
16 conditions outlined in the Hanford SUt Past-Practice Strategy. These additional screening
17 criteria are depicted on Figure 9-1 and are described below.
18
19 The initiel-eriterient de es p. used to assess each ERA
20 candidate is whether a driving force to an exposure pathway exists or is likely to exist.
21 Waste management units or unplanned releases with contamination that is migrating or is
22 likely to significantly migrate to a medium that can result in exposure and harm to humans
23 required additional assessment in the ERA process. Waste management units or unplanned
24 releases where contamination could 5piead ig and, therefore, potentially require
25 significantly more extensive remedial action if left unabated, were also assessed in the ERA
26 path.
27
28 Waste management VIits and unplanned releases with a driving force were assessed to
29 determine if unacceptable halth or environmental risks and asrttime-frame aailab
30 .. h.. pr.b.e exists from the release. The criteria used to determine "unacceptable"
31 Eisks are based h quantt and concentration of the release. If the release or imminent
32 release is greater han 100 times the CERCLA reportable quantity for any constituent, the
33 waste management unit orinplanned release wif remaint4 in consideration for an ERA. If
34 the release or imminent releake contains hazardous constituents at concentrations that are 100
35 times the most applicable standard, the unit or unplanned release continues to be considered
36 for an ERA. ttappltcabetstandar
37 quai~icain the strategy yriteriawhchadrese "tOf high lev.s....zdo.s sbtt n
38 e Or m x sT 0e Mn g
39 jdgm Ifnwhat nstitute a e coTUina t t of ed. d In
40cases, engineering judgment was used to estimate the quantiy and concentration of a
41 postulated release. Standards appied include Washington State ModeToies-Control At
42 1I standards for industrial sites and DOE and Westinghouse Hanford radiation criteria
43 (refer to Section 6.0). The application of these standards does not signify they are
44 recognized as ARARs.
45 A

9-6
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Thf a see ninn crra n susandtianl hs reetdi h HnuSt a
kr,,i amo echnplogy uto bre radl cansilaeto ontol he reesfr manito

unplanned release to be considered for an ERA. An example that would require substantial
technology development before implementation of cleanup would be a tritium release since
no eafttf l Reab"Mtechnology is available fef to seaat bwcncnrtios tritium
separatien-

Anther ei te ien fora ERA isaluenpahvls deterfining whether- implementatiene hnaalb
teethne ale~ cgy wetul have adverse cnsequenes that wetui efffset the enefits ofanEA

Eafpe eRA Examers ee adve-- coneen nlude : (hfeege wseref the hnxpeset elt in
prsense wocenup persne ffth euh greaterta thefan the R o eld felae: lese fdRAr
wudorcoeumeremedial acdions: an O the ERA would prevent or greatly hinderfftr aRelete

atfui aaeleto ciies. if adverse eensequences are not expeted ebp-snthn the ste ren

Thnaeen finlcit eris tonne deease ife andiat eesdrtn ERA aswihn tEscp fa

oprtioNl N~ .r.gra. intnnean*prton1 cie at aagmn ailteWr

asscite drM ils h 16 -2 a SeTg aianseeasodwse bCr.a grOunds

D Theminliteriand iCs todeerinigreadae EAis rp hi n fh sce and anst
oeraetione sroeiram.e Maintenance, and operationn of aciewsterpnagmes facilities ar

Prirthis so esofsbefRR activities amnsedbythat iefncd WstreilMangemantenogam.

isdscontminuetiaor tbiiziation ofh inaetigeabtia. ghrps, riibs dtrenhsad
unplanned...... reases. &ge rgasaf rsonil o af n ot

Ifsuesa the rod ERSite. T address Faltes ctaitinpeet hat

management unit or unplanned release continues through the process to be evaluated under a

9-7
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1 second assessment path. W W S9urface contamination cleanup under the RARA
2 program is an zxample where initial clanup may not address subsurface contamination and,
3 therefore, additional investigation may be needed.
4
5 Final decisions regarding whether thE conduifC ERAs are-jtstifed in the aggregate
6 area will be made between No DGEO, Ecology, EPA, and Reelegy DOE based, at least in
7 part, on the recommendations provided in this section, ' results of the final selection
8 process outlined in Prioritizing Sites for Expedited Response Actions at the Hanford Site
9 \\ai l f ur

10
11
12 9.1.2 Limited Field Investigation and Interim Remedial Measure Paths
13
14 High priority waste management units and unplanned releases were evaluated to
15 determine if sufficient need and information exist such that an IRM could be pursued. An
16 IRM is desired for high priority waste management units and unplanned releases where
17 extensive characterization is not necessary to reach a defensible cleanup decision$.
18 Implementation of an I with minimal
19 characterization is expected to rely on observational data acquired during remedial activities.
20 Successful execution of this strategy is expected to reduce both time and cost for cleanup of
21 waste management units and unplanned releases without impacting the effectiveness of the
22 implemented action.
23
24 The initial step in the IRM asseassmnt pc ss evalkation path is to categorize the
25 waste management units. The exposure pathways of interest are similar for each unit in a
26 category; therefore, it is effective to evaluate candidate waste management units as a group.
27 The groupings used in Section 2.3 (e.g., Cribs and Drains, Tanks and Vaults) will continue
28 to be used to group the waste management units for IRM assessment. ThRisGgrouping waste
29 ::nag;,:m::n units approE is especially effective fer i reducing characterization

requirements. sdo ithe Ab ibna approach, LFI(s) can be
31 used to characterize a representative waste management unit or units in detail to develop a
32 remedial alternative for the group of units. Observational data obtained during
33 implementation of the remedial alternative could be used to meet unit-specific needs.
34 Siiaiiso wsemngmn wnts mmke it pdssible toremed1ate them using the
35 bra a racatr irs zits t sb d,'therfoe,

37 hi rioit w(aste ma.ngmtffiiuntits.
38
39 Data adequacy is assessed in the next step. The existing data were k evaluated to
40 determine if: 1) existing data were | sufficient to develop a conceptual model and
41 qualitative risk assessment; 2) the IRM will work for this path; 3) implementing the IRM
42 will have adverse impacts on the environment, future remediation activities or data collection
43 efforts; and 4) the benefits of implementing the IRM are greater than the costs. If data are
44 not adequate|| an assessment was made to determine if a LFI might provide enough data to
45 perform an IRM. If a LFI would not collect sufficient data to perform an IRM, the unit was
46 addressed in the final remedy selection path.

9-8
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The final step in the IRM evaluation process is to assess if the IRM will work without
gMtM adverse consequences. This includes: will the IRM be successful? will it create

significant adverse environmental impacts (e~g., environmental releases)? will the costs
outweigh the benefits?'will it preclude future cleanup or data collection efforts? and will the
risks of the cleanup be greater than the risks of no action? Waste management units where
remediation is considered to be possible without adverse consequences *we1ghg th

b fh Matyfin are recommended for IRMs. -t
caddt R nt wIlb ncued ante R vafuatons pfthecanidt units,

Final decisions will be made between "m""' DOE,- Ecology, EPA, and DOE Peelegy
on whethcr partidcularg t ae J usti neds the Z ant
AgareR A'ea based, at least in part, on the recommendations provided in this AAMSR,

results of a supporting LFI, ad availali oeo c

9.1.3 Final Remedy Selection Path

Waste management units and unplanned releases recommended for initial consideration
in the final remedy selection path are those not recommended for IRMs, LFIs, or ERAs, ef

w d ns ed Wto be low priority sites. It is recognized that all waste
management units and unplanned releases within an operable unit or aggregate area will
evena9 be addressed collectively under the final remedy seleetien path to support a final

r ra unmt Record of Decision (ROD). For the puwoses of thia
dqscussn RI/E and the RFI/1CMS. processes arc synoniymous; therefore, RI/ES will be
used throuighout this discussion to represent ither the CERCLA or RRA investigation past

The initial step in the final remedy selection path is to assess whether the combined
data from the AAMS, and any completed ERAs, IRMs, and LFIs are adequate for
performing a risk assessment (RA) and selecting a final remedy. Whereas the scope of an
ERA, IRM, and LFI is limited to individual waste management units or groups of similar
waste management units, the final remedy selection path will likely address an entire
operable unit or aggregate area.

If the data are collectively sufficient, an operable unit or aggregate area RA will be
performed. If sufficient data are not available, additional needs will be identified and data
collected.

9.2 PATH RECOMMENDATIONS

Initial recommendations for ERA, IRM, and LFI are discussed in Section 9.2.1 through
9.2.3, respectively. Waste management units and unplanned releases proposed for initial
consideration under the final remedy selection path are discussed in Section 9.2.4. Table 9-1
provides a summary of the data evaluation process path assessment. A summary of the
responses to the decision points on the flowchart that led to the recommendations is provided
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1 in Table 9-2. Following approval by DGB Ecology, EPA, and Eeelegy DOE, these
2 recommendations will be further developed and implemented in work plans.
3
4
5 9.2.1 Proposed Sites for Expedited Response Actions
6
7 Several E N waste management units wers cyaluatod along the ERA path. Two
8 sanitary waste disposal units, 260:7 Z Septic Tank and Sanitar Drain Field and the 2607 W
9 Ssptic Tank and Sanitary Drain Field wore rscomndsefE d for an ERA. 'klfi10 ;g 90 ........ .......... ....... 4M d t Ih10 anEApirt deteriing.whether thetproposedsactn was~ wii t scp fa

_ operat'na progr. C . S'ix ERA candidates, consisting of cribs with collapse potential
12 and surface contamination sites, were recommended for disposition under the RARA
13 program. ThNWIng d w me ts dted
14 i nd t tgihab ercloid& ERA. Two inactive settling tanks, 216-Z-8
15 Settling Tank and 241-Z-361 Settling Tank, were recommended for an ERA. A discussion
16 of the recommendations for these waste management units are included in this section. Since
17 the anticipated response actions are not expected to fully remediate the ERA candidates, all

N 18 of the units will be included for further data evaluation in the assessment paths.
19

20 9.2t, Sie Ontribu g tS Vb l' jd6aio Cn i.,ition MIgraton. Thrt# ste
21 maniI&gem Vnt ts in th& Z Pln grgu r h 2f6-Z-18 Crib, 1h4 21&Z-4A Tile22 F A- q c.rbon tetfacloride ,doring

23 th& REtdPLEt mtd PRF p"ratins. The quantity of carbon 'tefrahloride, a knIOWII
24 cacngndsoe ft these three units'(approxunately 920,000 Kg2hili&n jb])

26 x e tty (10 Kg ..2 .j. 1
264vaporW are nown~ ktmanate frofVZ Pfat AgregatArea sr. Due if thie dnsit and

27 ca , r eontetvachl ortde.io, .a. haeigration sky Continaneigranxvf
_28 carbhntetrachlre .aors may~x 1eu nsi and groundwater contztamiaon excte&>Kg10

29 ue tplcal tandLrd CaEbin tetrachltedhaJ e detece& ' gridwattr at
130 &h..ntra.ons .f over .. / M.ir ,i
31 , 0t h " the ~ k arn@ e. .Cthe c t/L ' H6d

33 Atiibns for tcfontoto subsurtace vapfrWmigration have been imptemnented at11he

23 6Z the01UER r T

34 21-Z, Crb and -the 21E Z-1A>Tle~ -feldias art of th ab#4iTetracloe Expedited
35 Re~sps Acton Pitgrai (DOEJRL 199*b).. A soUh vapor etaciNtjtpedth
36 grnlratvtdcro dopo Snts t& remov ntaed v1lafftwgnc prtn

37 ahfthese two quits. A similar'extracton and treatent systemnis, x teqbe tbrht
38 4ie t t 9T Ihihe Sp'n 19Q

39

409403 2111tsPtnilyCasn usraeCnaiat irto.Tospi ak

42 clumnadjaent o ast0-0 maaeetuiswt in rssctdcntmne. The
4 67ZSpi akadSntr ri illctdwti apximt 50eso te

44~~~~~~~~~ 21 Z. .. C...icags.ai~ atwte otesi olm ttert o prxmtl
45 ~ ~ ~ ~ ~ ~ ~ ~~~X ='-3/ay Th 2607 .ASpi.akadSnt'DanFillctdapoiaey5
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motors from tho 216 Z 8 Pronch Drain and withint 100 moitors of the 216 9Tonh
9.i.s.h Crgs with' Caoator to tetsoil ceolun at the of ari atope 6ooden

Thus, thre is a signifant flux ofeywater theugh th vadyse zene boneath theso waste
anaage oulnt bnigts. Disohagd watr cold e romobilizing ao se z n centainatieon that
nginatd at tho cribs. This proeblomao op the sri nfianld thoepeehod water znoabovoe the Pli Ploistocone onioho lyor. At this location thoro can bo significant latoralmovomofnnt of vadoso zeno w.lator. Thospi ytm ol ofuhigcnaiao wator

that smoeha1 tides o r a b quantity and the oncontratien standards into tho

The 2607 Z Sopti Tank nd Sanh
SaniaryDran Pck!shold e ivosigatod to dotormino if doaotivation is nocoasary.-Tho

volumoe of wator flowing to-those fazilitios needs to be confirmod. if the veAuo is sgniicn,
an invstigaton noos to h madoto dotorino if the iudi oiiigcnaiat

benoath the 216 Z4 3 Cib, 216 Z Fr h DT, it is
rommondo ad that onamytianks and assfiatfo sit h d oldso ontivatdre

9.2.1.2 Cribs with Collapse Potential. FTe of the older cribs are open woodenstructures that could b:petape a the RAR A sudden
collapse could bring contaminated dust from the buried crib to the surface. Based on cribinventory data, dust derived from the bottom of the cribs would be expected to contain
radionuclides at several orders of magnitude above reportable quantities and concentration
standards. Cribs with potential collapse problems include:

* 216-Z-1 d2&7

*216Z 2

* 216-Z-5

* 216-Z-6

* 216-Z-7

Maintenance and contamination control measures for cribs with collapse potential areimplemented under the RARA pprogram. Therefore, actions to mitigate environmentalreleases from these facilities will be deferre44 t4 iid eihr the RARA pProgram. Anengineering study is planned under the RARA RProgram for 1993 for the 200 Areas to
evaluate the potential for crib collapse.

Response actions such as the addition of clean 'fill material over the cribs or pressuregrouting void areas within the crib to prevent collapse may be considered for these wastemanagement units. Evaluation and recommendation of response actions for these facilities
will be performed under the RARA pprogram.
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1 9.2.1.3 Sites with Significant Surface Contamination. There are four waste management
2 units in the Z Plant Aggregate Area evaluated in the AAMS program with levels of surface3 contamination that are high enough to be of immediate concern. Surface contamination is the
4 most immediately accessible to humans and biota. The potential for transport by the wind or
5 biota is also significant and so surface migration is also a problem. It is expected that the6 releases of radionuclides and potential radiation exposure levels at these waste management
7 units would be greater than 100 times reportable quantity and concentration standards. The8 corrective action for waste management units with surface contamination falls addresse
9 within the scope of the RARA p$rogram.

10
11 As discussed in Section 5.2.2, recent radiation survey results indicate that the following
12 waste management units exceed surface contamination criteria:
13
14 0 216-Z-1 and 216-Z-2 Cribs
15

cy- 16 * 216-Z-IA Tile Field
17

1" 18 * 218-W-2 Burial Ground
19
20 * 218-W-4A Burial Ground.
21

r; 22 Surface contamination control activities at these units are recommended for evaluation
23 and implementation under the RARA program.
24
25 9.2.1.4 Tanks with Leak Potential. Two tanks, the 241-Z-361 Settling Tank and the26 216-Z-8 Settling Tank, contain drainable liquids. These tanks are estimated to be over 3527 years old and have the potential to leak radioactive and hazardous liquid to the soil. The

-28 settling tanks are inactive facilities. It is recommended that the liquid stored within the tanks29 be removed to prevent future leakage.
30

rv'.31 9.2.ZAdiveWast ~Maiinigeint Unit's. Pne active 4iqnidefuent unit operates within32 t g g a
33TA ta rm a oad mnants tol he groundwatrEfr,. s arrren

35 detactiVation of thi uniat by June 1995. In thtrnini hazardousswats will )fit b6e33aged tthsu v ation dacai this uit w i re n wh36 ofJg I lp, h37 opraona r ra And 'iU no beincludedas'part of t
38 addbgd cooamno sitedith .the .i.. w eerre unti after
39 detiainfth n.
40
41 9.2.1.56 Non-ERA Sites. The primary reason most waste management units and unplanned
42 releases were not recommended for ERAs was because of the lack of driving force to an43 exposure pathway. Inactive cribs, ponds, ditches, and trenches are no longer receiving waste44 and, therefore, no longer have artificial recharge as a driving force to move contaminants.
45 Natural recharge from local precipitation was not considered a significant short-term driving
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force. Specifics for each waste management unit and unplanned release are provided in
Table 9-2.

A m yp d e ste dressed by te RARA
elirninaiethesairborne iese pathway orfad insci~fidient 4u(antity Wand c6"&ntM..ration~acontamatoon tq qualThy&an ERA;

Active faeilitics such as tho 216 Z 1 Seepage Basin or thc 216 Z 20 Crib (diseussod inthe U Plant AAMTSR; O/iL192 wgcosdoo a aniat R oouo hse
facilitics do ootnadiigfooen ontil rclcasing contaminants to thoe
cnvironmcneft. IlowcvcrF, closing of these facilitics at occur without eefnstmoting alatdispcsai facilitios; thercforc, thor ef oote doroisiuinlcnsgoosta ol

not o ofsc bythc onoitsof .-EA. Thus, an ERA would not be an apppriate
rocofmondation Ffo these facilitics at this timoe.

9.2.2 Proposed Sites for Interim Remedial Measures

ven C ine~tee of the 509 waste management units addressed in the Z Plant
Aggregate Area data evaluation process were identified as high priority sites (refer to Section
5.0) and were assessed as candidates for IRMs. Three of the waste management units
designated as high priority sites (216-Z-7 Crib, 216-Z-17 Trench, and the 216-Z-10 Reverse
Well) were so designated because of high HRS scores. Three FPe waste management units
(216-Z-1A Tile Field, 2l6-Z-Z1 epaBasin28W fluriaGmnd, 218-W-2 Burial
Ground, and the 218-W-4A Burial Ground) were designated as high priority because ofsurface radiation measurements. Te 1plannd ?e0ea0 (44PR00W-16, UN-200-W+234

UPR-20-W-6 UN20rW-44, MR-2o4-5,PR-2o -72 UPR-2o -w-84,
UN-200-W-3 

.d U - -- ) wetas anprioty d
One waste management unit (216-Z-1 and216-Z-2 Cribs) was identified as a high priority site due to high HIRS scores and elevated

surface radiation measurements. Another thrteen eighteenh waste management units andU
pas (216-Z-3 Crib, 216-Z-5 Crib, 216-Z-6 Crib, 216-Z-12 Crib, 216-Z-16

Crib, 216-Z-18 Crib, 2141-iZ6Settling Tank, 216-8 SettlingTank, 241-Z Diversion BoxNo. 1, 241-Z Diversion Box No. 2, 231-Z-151 Sump, 216-Z-4 Trench, 216-Z-9 Trench,
218 W 1 Bual Gound, nd 218-W-3 Burial Ground; 218-W-AYBUriaG Ad28i 11

Bural roud, N-20-WllandUPR2tJV-W-34) 
weetenatativeiy identified as having

sufficient proximity and/or similarity to the high priority sites to warrant inclusion in the

IRM assessment path.

None of the 4-7 V candidate waste management units are recommended for IRMs
without first conducting LFIs. The reason for this determination is that there was not
adequate data for any of the evaluated units to support performing a qualitative risk
assessment and/or select a final remedy. Gne Tw& waste management units evaluated in the
IRM path, the 216-Z-10 Reverse Well, . .216-Z-2T Sp 'Bas, does not remain as
an IRM candidateO because it was determined that an LF4s would not result in collecting
sufficient data to proceed with consideration as an IRM candidate. The 216-Z-10 Reverse
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I Well I e Z Seege B w was carried forward to the final remedy selection2 path for further evaluation and 4ia discussed in Section 9..4 Sim rSv t i3 prfrt fx np. C*anNedrlAses UN-.0 23 UN207-4 and UN-20:4Y-9 are
4 .rn.usion inte. n emdy se.ec pa. iscusse n ectio5 9... ecuei wsdtr ital an LFl. would npot result in cleThing s ftienid tq
6 p anpRWadde &*teen Thitywo waste management7 unts remai as IRM candidates but require LFIs to obtain sufficient information to proceed8 with the IRM evaluation. Discussion of the recommended LPIs is provided in Section 9.2.3.9

10
11 9.2.3 Proposed Sites for Limited Field Investigation Activities
12
13 S4tTheity4w waste management units are recommended to undergo LFIs. Fhe14 Lfl ha ha bon rM.omoefndd t prvido suffioi t information to procood with R?

18 6RM anidens . -d mpI ehemL an. r.d.one1ef
e d erenche 2 a yri helz4Stiib' and19 he « .. r.a .Gr.und.Nb.soa <.mpl ...ch& r r.dionucfdbte nt.....w n

20 hsr e rma nn i j cvndidse~t Uni*t Grs um::gn dawr d ntffed 'orthb
21 _ o &2W - rbg liW-.-, <2 W5&<gai loggng 2, 21 Z-t6 and9 on

M2W ...... 21'z7. 2i--2 'I'dIah

22 Z Trench. Pee vadse
24 'an 1a we.Kcm*ed .m sficient inform6aton waisidentfied't indice jsjjt

/V ff merrCiinM ? 9m- e*<o n

26 repre~<TSen 1iv dities should?b eg mtre a1iit<> . >>e si4Qfs f.r kIasesmman

28
29 The rtine and cope of' the LIls will bte dfinedand impremiented vi o~ ptZans-

2~~~. 30... .iW ~ p ~ .. ... ......

, dn ddressesp
3 32 s F bjcv s Iould e ,t:

33

34 .if.,hi< ilit

34 * Evaluate*\ the > potnti fryreieases from the waste maaeetui to impacr
36
37 C Deemn fcnaiaineit in hesoiE beneath the -waste managteent i38 and up<annd :relases an fsass te extent>'
39

42agmntuit nduP!lanned re&esesin support of cedfesiijtystdies
43 Each waste management uit~ tha bs rcomended for an LFI will. genrlyestdd

44 a pat o ananalgou grup.The analot6u site goncept is presented in h&fodSt45 Pas-ra 'Sfraegy.
46
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se#ec sne onbgue sie)frcaatrzdntat e srepreeniaive Lh' a gtm pf&V(anlogus rouhTis eorncept is par1:)l apphicae t± iopeabie untji dwecn 5o na
nune f a /aa etunits that are simil.5r i&dgm dispoaI nh~or, a ~egy
Appm*pnate onfrmaorcbaracternzatios as necessary to ~Sipport rdeiacli oncnt

oepromda h ie ninecaaoosgopdrn remediaton. Coetttio df
AAniratory atacan nb re4dune drngemnabon actyvices pyspmphaszn;in w:k

pkm us o th oberauqnal pprobc disedssed 4nteu e / y p

aseh<s intlo Wa0g$~t analogousgop o u w rm g grop pav be
rdeftedinteZ~ PMmt Aggiegate Ara:X1):trbs trenph a~d aW ine ad (2 br
ground sw ein w aste~ in2aagement uns an nne releases wcere tuen Iuenwleo tnat

weecniee ob rer icaveo teanalogous gfddps.Cndyuosue os
ea dgu site for an a1di&e grp idude, but ars no6dimnto, the foIowini

* D AisposaL history(icluding typ and Quantity of waste receved)

Geeal h eeto proces favored as analoguel ~sites those irnits&& releases t1hat
recivd hemot wst ad er cnsierd s onerative exampesn terms of refease

mecanimsmedia f doien xoueruead ecptors.

9.23 Cib Trenhes, and 216-Z-IIA Tilk etTw e at man4gien uiflioeen assigned to ibs anogous group2&ueto h
durng T putoiumandaunricumrecovery' prtc "}>twase srim'rec~ies 4Gdt

t4>& nft* sere aun >h Ppp hag a ud n a oa y M
.tansad Thiee diversi0n boxe) Were .,,dtoasde o n

of ne rasfe sste ued o out Euidwat oth& Vahous crtbs and 4rechas.The
set~lg taks ad diwsionamesho id invekat&Vor reniedied nedrre waPht~ lifepeng atewxhUt.:,AIbsd trenche. Thee inits inhic the f4oi4

* 216-Z-1 4and 2i6-Z-2 Cribs

t7.23,6-Z-3 Crib~

tsrfiCl
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43
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The ZZ12 Cfib is<'pr6o&& as an tialogu& LFI sie oth lZ- r, h216-Z Cri, the2WZ- Crib the216 a Critthttb&23C6iZth Crea Thenc
andtbt216-z-7 Trenh T Z- iTa t Z t e 1nc Talln .. fm~l"f" ........ mg #, $etA xi TanA be<Z4K z~36 fl, KSettibgTti2417 Diersin Bx No isthe 41 Divrsin Bo No 2,anid the 231-Z-.15 Smarrecomened fr icluion n te cm an trnchLFI ecasthey are integraL parts of flheen adnechlai muntdloa sstn Teunplanned~ relesk(UN-NOAxDo)

assoCiated With th 23I-Z154Sum nisialso recomdnendetttor hd;iin in the tSR du tit
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4
5 9.2.3.4Burii1 Otns.The n agous'groupcoasisK f brid w

6 adsscadunplannedl reae.~ Ths inc<lude:&&~g
7

8 - 1 2t8-W-1Bia1 Groundd andTUnpQne eessU-0--I P-Q
9 aUK UPR2PR-WO1344

10
11 i -W-A Buria Grnd wnd.UnaU
12
13 '®2r8-W2 Buda Ound
14
15 2

L 1617 .~tf8 W. ...1G ou ... ...P....2... .w:.dnd. unplan..ed .... ses UW16, UR&M200-W-
S18 2§;, UPR200W-53, and UPR-200-W-7?19

20 e t -Wl lra Gon
21
22 The ga-g-ix I grouids isted abov6 da prop6sdAs an' aalg
23 imoifar pa al tistry waste atria1reev'ed (d sogid group ade !ai
24al port"fAZP area).
25
26 Th pysica1 and cca r settnforjt1&eses fomn thebuia grunsisax:si.l

- 27
28
29 * T dd s wastefrom

'30 variousHnodSt prtos U the facilities have' beninattivefo a
31 test2O years
32
33 44 >The buria1 ground trenches were compleed to toughiy the same~ depths' and thus

34 ar [ieycmltdi h aesrtgahchorizon LAkewise, 'the detht
35goudatr apoimtly6 m(2 ft) is simiflartor alE ofhes'e'wasie36 ag un

37
38 - enral urm soi tratgraphy, P9nisin >f eltielJprmebl sands and
39anford frmtineyg the rffativelIy hip'eable early
40 tPIose sdi and P'm-Pleistoceneunitswhchi 

-

41 permieable gravels of the 7Ringokt Formfatton,is bserved nerthe east central42 patweethese Burial gound re 'octed f fids had b~een itrodued, these43 soil conditions woulhd tetyd to favr primi4y1~ ddowhnrd fhud44,vement with44 1i ied t>
4 t ,.,

44 limited lateralspreading in near-surface sois1with perching and aeasredn
45 lkely: at the contact with the &arly "at ue soiand'Pt&oPleistoceie unkt.46
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Howeer, urfae eeases which conseque ivle 'fgttve dust iOato

An 2hbW-4A) .

Thb I8 W- 4A>EuriaY GrQuXI Is pmopqsed Psannaou e r s
2SI'W01A -W -- \ i Bri alo On8a W4A ''g

Gro m re i te are v-,"s,. ofws a grou iO94I .% Theg
M t ge 'Voll$Z0P (100

.................... i......y. fptonium and cesium-lUl (35tg 7 Ib] and 393 Ci
4erourel).F t Unlne eesso r2oW ; P R-2-W2 rry zopho., t'T tP rup

a a r tee a y a 16; a uU--.-W-53u

ex s n , lb I Ta

. .pa...g..t fallt;g a Vv-uad K.Th $ 1

.... § ,U R.2 . W

9

S cdidates that ae recomme avncateorized int two
grous tat ontln imip rleaed aste, release mfehanismns, anid design. The fst group

eant~ns ebbs, fen h , dt etlfil.T esc d grouip containis buial-gounds.

9.23.1 Cri s, ren hes an Tie Feld Ths goupincludes nine cribs ald three

associated trftsfcr unts, three trenches, afd onie tile field. Cflbs with collapse-potential

have also been evalae aln-h pt n aebeen remefinfded for actionis under

the ~ R\R prgaseScin921). The actionis implemenited uinder the RARA proegrm

-216 Zz land 216 Z 2

216

S216 Z 5

e 216 Z

* -216 7

Gibs te be invl-e if L! aeiite whih d: neta reqif a efi tifder the PARA
program (ibz wthout ollapse ptential) inlude:

-216 Z 3

* 216 Z 12

* 216 Z 1

* 216 Z 18

The asfer units assciated with the ribs include:
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1 0 241 Z Diversion Box Po. 1
2
3 a 241 Z Diversion Box N
4
5 231 z 151 Sump
6
7 Trfenches and tilt fields afe essentiall logcisadaeteeoegopd with the
8 eibs. The trenches and tile field include:
9

10 T216 Z 4 Tench
11
12 - 2l6Z9Teneh
13
14 216 Z 17 Tench
15
16 216 Z !A Tilt FLU
17
18 The cribs with collapse potendfal were addressed in the Mpahafe frt en:~19 assessed in the ERA path. The ations reomml~ended fer the units will noet address the20 subsufface ontaminations in the failitis thrfrehyweeicuddfrassessmaent
21 under the emfaining criteria. The 216 Z 1 and 216 Z 2 Cribs, the 216 Z-7-Crib, the21-6-Zcv' 22 lATl ilad h 1 7T eh were identifiedashgprotyie.Teote
23 watIaaeetuiswr nldd beause of their s-imfil~rty and prximidtyto the-hghS
24 priortyw at
25
26 The initial eision point in the RIS path is to asse ss w.hether dlata e:Fe adequtto
27 enduet an !R.. The data available for st of the a i -

-28 level data mfid estimfated inventories wihdnoprveifrmtnonthe nature and
29 extent of the ontamination. Therefore, an IM could
30 investiga
31
32 Simfilaties of nits may male it possible to remediate them sing the bse.'aial
33 aproc af chrceIzn olafew f the nits. it was exDeted that a I wuld

35 Thereforerp the, bais for reomedn a -LE is that sufcetifomtoa egn36 fRom at more, ealdivetgto f ne or two of the ribs and a trench that oeuld low a37 remfedial deision to be made n the ther st mnaement units with little or no additional
38 chfaatenizauonf.
39
40 Posberersnatv atemngmnt Units for the Z Plant ggegateAeawuld
41
42 -i r as aste ana
43 21 Z Biding in addiien
44 waste anagement nits with a pteni t h i I grondwater .45 The 216 Z 1 and 216 Z 2 ribs afe remeafnfded as being repesentative f ibs whichq46 reeived waste during orfe reent peationis in the 231 5 Z Bilding in addition to bin
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0 218.W.3

S218 I 4A

The 213 W 2 afid the 213 XVr 4A Burial Grunds were identified as highpioity-waste
management~~~ uisadwrdegntd as BMl candidates. Beause the 218 WV I and 213WT 3 Burial G runds reeived simfil wseanargnrly cosrcE ini similftr fashjion

tnthe 218 V 2 and the 218 W 4A Brial Gounds. These

wasefman ae ment unit ha ei s f ic ie t data to conduct an !R?,, therefoete y w er
recmmededforLF~. I isexpcte tht sffiien iformation ould be ebadned fromf

jusfc) wth itte o noaddtioal hafaoteization ofthohebuilguns

9-21

DOE/RL-91-58
Draft B

representadive of waste mnanage menit units with a potential to have impacted-underly-ing
groundwae qult.TertoaefrTl!ad LETi will be morfe complt~ely developed-inf
work plans, however, the foellowinig addresses possible conisiderations drngwrkpa
developen

Possible LFI objectives would be to:

* Evaluate the potential for releases 4from the waste mn fagemetut- toimac
undelyin groundwIbate ality;

Determine if contamination exists iin the soil beneath the cribs and tench and it
To, assess the extent; and

a.~Assecthetetocotmnnmirin fromf the cribs and trenchinupo
of focused feasibility studies.

if tranisuranic radionucilides anid/or other bardous chemicals afe not founid ini soil

tfenehes, anid tle field, therefore additionfal sapigfr~nuai ainei anid/ct
huardous chemical wol ieyntbencs tte other units. The actual extent ei
transurmiie conltaminiation, if AnyI cold be detmind duin imlmntto of anTi(i
justified) a te ura goundl and would not need to be fully knoiwn prior to the decision to
proceed. The extenit of 1W M ations for the other facilities would be based on mieasuemfentsfro th rersnaiecisdtec, therefore, noe other amlngfo xtntc

contamina. att ef eteanits would be-atiipated.

922.2-- Burial Grounds. This goup iclude forbra gons hefu uiarudafe not cover-ed under a RCRA closurt rPtDpri atoadicue

0- 218 Al' 1
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1 Aiosberpeettv ua rud for LEL1 would be the 218 'A' 4A But
2 Ground. The 218 -A Al Ground is recommende
3 a high pnonrty site due to surface contamnination and has had four uinplanined releases
4 associated with it. es and to be similaidgo
5 ohrbfagrud.Te28X4ABurial Orbunfd is expected to incluide-trenches,
6 eaissons, mid a final cover similar to t l Other budal
7 grouinds. The rationiale for R??M mid LEI d11i be mre comffpletly eelpdinwr pas8 howev.er, the fogloigadesspsilecnieain un wr lndvlpet
9

10 Possible LFI oecetives would be-to:
11
12 Conduct
13
14 a Evaluate the potential for releases fromff the waste management unit toipc
15 underying g
16

__17 0 Deterff~ne if contamfiniation exists int the soil beneathte ua gondad i*o
18 assess the exent; a
19
20 - Assess the natuire and extent of- radienuclide a;nd hardous chemica;l conmina nts21 in nea surface and surface soils at the c
22 focused feasibiltsu .
23
24 Additional field inspections and docuet rvesmgtb efal oeaut h
25 rund aps and burled waste ontners. Soe
26 geophysical eight be desirabl ing the27 locationi and constmcetion of-budial gound dispos;al unqits such as -e-c. ndclsos n

-28 to identif bxptentfial subsurface voids that have a ptential for major settlemfent.
29
30 iftransuranic raienuielides mid/or ther ha-afdous hemicals ae noet found in soil

ry% 31 be ether buial32 gfr tansuanic radinuclides And/
33 chemfficals would liel noH-P1" 9t be neesr athoheuns.Teculetent of tansuanic-
34 contamfiniation, if ncudb eemnddhgipemfentationi of an ~ i utfe)a35 thebudialgound mid would otp need to 1 be fully lnown pfer to the deifiontopoce.36 The extent of IRA actions for the ther failities would be based on measurements from the37 representative budial grund, therefere noohrsmpigfrexetootamination at the
38 ote 1ua gonswudbatipated.
39
40
41 9.2.4 Proposed Sites for Final Remedy Selection
42
43 A number of unplanned releases, along with several diverse waste management units
44 which are unique because of design, contaminants received, or operational history, have been
45 proposed for the final remedy selection path. It was determined that sufficient information
46 may exist to perform a RA and select a final remedy for feur 6 unplanned releases; these

9-22
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are discussed in Section 9.2.4.2. Dud RI
are i recommended for the remainder of the waste management units and unplanned releases
due to the lack of information to perform RAs and select final remedies. These waste
management units and unplanned releases are discussed in Section 9.2.4.1.

9.2.4.1 Proposed Sites for Remedial Investigation Aetivities. Ris-have-been
recomimended from the finalreeycecinptfotwbacgousfwse

wsmanag;ent is h is ru ol nld units used for disposal of liquid wastesadaP srefmne
ass arrste waell. en tiissed gop oldicud nisuedfr ipsa f oi
aste iudn the bureeiliuds and thi se burnpit.Fo punois ofil inegaraing the t

invfesigatings, civn cnme ntelvlo ivsgto fo n ouigo

welases defisendedes ofa f the ioal units.d Thslef a at RIe isl reom ed eadres
addess h waste manaeentnt unis hfor d iaf sld ats.Upane elae
assited it th-e rsetv iudadsldwsedsoa nt ol eadesdih

a ~Excsie teth foThe 216 Z 10 Ree este Wae mnagemhen un P its aendPi unpae d

separately. This organizational stncture has been used onily for discusio puoss; it does
net imfply that scpexate Rls will be developed for each of the types of waste-fmanagemfent
units anid unplanned releases described.-As pevosl tae, ol'toi r

recomened, ne or iqui wate isposatl uinits and one for solid waste dsposal-uit.

,ghe

Mih

is g o7e Vian >t
-rc- -ONt

neb~~~ ym~ k ' . Jwt

kunl

edr e

A RI isrcommede fIr seea ruso at aagmn nt n ne
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1 9.1..1, Settlng ds is rocmndod to ineludo
2 oaeh-of-th-feiL g-se-ing-tanlktiadivrsit bes:
3
4 216Z8
5
6 4211Z361
7
8

10 i&&m tq4T6'
11
12 *
13
14 'Th in; ostigationi atthssclig aks should begin after ERAs have boen comfploted.
15 Both Tt tt tank e assigned low RRS scoros-ad th

__16 not sufflciontly-siilar to high priority units towAifent eydAuation uider the IRM pathso17 thoy could not ho m rH
18

20 pofr ejsk21 ~ a. ukA

23 thoe units pv e - R en-xternt of entaminatien inferan tef e- rf-re a RA for
24 finalroodysoocton
25
26 9.2.4.1.2, French Drains. A RI is recommended to include each of the E rench
27 drains:
28
29 e 216-Z-8

! 30
31 * 216-Z-13
32
33 * 216-Z-14
34
35 * 216-Z-15
36
37 These four waste management units all are low priority 4ites and they are not38 sufficiently similar to high priority units to warrant evaluation under the IRM path, so they39 could not be recommended for LFIs.
40
41 Insufficient data exist at these units to conduct a RA. A Icmusi r42 RI is recommended whieh weeld inlude & each of these units to provide'nature and extent43 of contamination information to perform a RA for final remedy selection.
44

9-24
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9.2.4.1.32 Septic Tanks and Sanitary Drain Fields.
include each of the septic tanks and sanitay drain fields:

A RI is recommended to1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23. 24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

a 46
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* 2607-Z

* 2607-Z-1

* 2607-WA

* 2607-WB

* 2607-W-8|&

TFhe ivctigticn at 2607 Z and 2607 WA should begin' after ERAs have boon
eempleted, These five waste management units all have been assigned low HRS scores by
comparison with other waste management units and they are not sufficiently similar to high
priority units to warrant evaluation under the IRM path, so they could not be recommended
for LFIs.

There are no sampling or inventory data for any of these units and so a RA cannot beperformed. The purpose of a limited sampling program under a aagret rRI wouldbe to confirm that no contamination exists in the septic tanks and sani" drain fields. If nocontamination is found, then no further action would likely be recommended.

9.2.4.1.43 Basins. A RI is recommended to include each-e the foUlwin basins:

* 241-Z Retention Basin

* .216-Z-21 Seepage Basin

The 216-Z-21 Seepage Basin was first assessed in the ERA path, but due to potential
adverse consequences associated with halting discharges to the seepage basin, an ERA couldnot be recommended. Both basins in this group are low priority units and they are not
sufficiently similar to high priority units to warrant evaluation under the IRM path, so theycould not be recommended for LFIs.

Insufficient data exist at these units to conduct a RA. Therefore, .inclisionin the
a RI is recommended whiceh weuldicude o r each of these units to provide

nature and extent of contamination information to perform a RA for final remedy selection.
In~~estigat.......2..-.........ag... B.s... s....d.b.gi..........s .asesharges tothe unihave i~f bee term:Pmated.IM:t

9.2.4.1.5 Reverse Well. The 216-Z-10 Reverse Well was initially evaluated alongthe ERA path, but an ERA could not be recommended because it was determined thatappropriate technology for treating and remediating the unit in an expedited manner was notavailable. The 216-Z-10 Reverse Well was further evaluated in the IRM path, but it was not
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1 retained as an IRM candidate because it was determined that an LFI would not result in
2 collecting sufficient data to proceed with consideration as an IRM candidate.
3
4 Insufficient data exist at this unit to conduct a RA. Therefore, a inc -Uin e
5 aggreat arRI is recommended f provide nature and extent of contamination information
6 to perform a RA for final remedy selection.
7
899 g ro u n dB rasG o ns!A R s o o m n d d t n c u s c a h o w o b r a

10
11 218 W !A
12
13 - 218 W 11
14
15 Both buria grunds in this greup arc low prioity units and thoy arc not suffiioently
16 similar t high prrity units to warrnt cvaluaticn undo tho RM path, so they could not be
17 rcmpo ndtd fcrd T bes. insuffioent data oxist at these units to ondut a RA. Th erfer,

618 RI is r ormmteaded which wald includoe e eh f thdsgngtsPa
2s toe poid naturo and raotnt of conmination information to
20 pcrffrm it a fR fna rAm od sotin
21

922 9.2.4.1.7 Z Plant Burn Pit. A RI is recommended for the Z Plant Burn Pit. This
23 waste management unit has been assigned a low IRS score by comparison with other units
24 and it is not sufficiently similar to another high priority unit to warrant evaluation under the
25 IRM path, so it could not be recommended for LEI. No sampling or inventory data were
26 identified for the area, so a RA cannot be performed. Historical data regarding the Z Plant

N27 Bum Pit does not indicate the disposal of any radioactive or hazardous material.
__28

29 . A R1 was rocommoffinded for tw~his unitt i t1 grat
<N 30 ~t4to provide enough data to confirm that contamination 'is not present. If no
r731 contamination is found, then no further action would likely be recommended.

32
33 9.2.4.1.86 Unplanned Releases. Twelve Si§ unplanned releases are recommended as
34 candidates for inclusion in an aggregate area or operable unit RI. These unplanned releases
35 are:
36
37 UN 200 W 11
38
39 - UPR 200 'A'16
40
41 * UN-200-W-23
42
43 - UPR 200 W 26
44
45 * UN-200-W-44
46

9-26



DOE/RL-91-58
Draft B

O
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

. 23

24
-' 25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

9-27

- UPR 200 W 53

* UN-200-W-89

* UN-200-W-90

* UN-200-W-91

* UN-200-W-1032

- UN 200 W 130

- UPR 200 M/ 153 (associatod with 218 WI 1/ BurilGrud

Unplanned rteleases UN-200-W-23, UPR 200 IW 26, UN-200-W-44, UN-200-W-89,
UN-200-W-90, and4UN-200-W-103, and UPR 200 W 153 all have HRS scores below 28.5,
and do not have sufficient data to conduct a risk assessment. Unplanned Releases UN 200

S11, UPR 200 /z 16, UPR 200 W 63, UN-200-W-91, and UN 200 'A 130 all hav bSd
insufficient information available for HRS scoring. IIowovor, eaeh unpiannodrls
doscribod as having boon olcancd uip or released as a r-adiation zono as contamination doopayd
to backgrounid lovels. it is thus assumaed that these five unplannod rleases wouild also havo,-
low HRS seeres.

Unplanned rlease UPR 200 WI18hsatal oniotfe soo~ga ho
sopafate locations; this has boon attributed to wind dispor-sal of contaminants. Only tho
rolcase associatod with the 218 V 1 1. Burial Grouind is f ecommonnded as a candidato foar m.
The othorf two unplanned rolcasos identified as UPR 200 VW 158 in tho 218 V,7 9A anid 218

A6 Burial Grounds afc being rcommoendod for dcfcrral to be addressed-during flORAclosuro atiitics atho u1 grounds.

A lack of soil sample data and inconsistent survey data prevent RA completion for
these twelve I unplanned releases. Inunitaggee RI has been
recommended to provide enough data to confirm that contamination does not exist. If no
contamination is found, no further action would likely be recommended.

9.2.4.2 Proposed Sites for Risk Assessment. Fetit ne candidates, Upa e
UNi20-w-159, were was recommended for under
the final remedy selection path , Ai of whih Arc unplannod cA3sos:

- UPR 200 W 72

- UPR 200 W .

UPR 200 131

- UN 200 W 159
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1 Unplanned roleasos U4PR 20)0 7,t 7-2, UPR 200 3W 821, and UPR 200 M1 1314 were not
2 atssigned IlS or mlRS scor-es. In cach case, the roloaso occurrod ini a solid w asto buiria
3 groutnd and tho contaminiated afca was romcidiatcd by excavating affected soil ad placinfg i
4 in a solid waste burial ground trench. Unplanned release UN-200-W-159 was assigned a
5 "low" HRS score (less than 28.5) by comparison- to other unplanned releases. The exact
6 location of the unplanned release was not identified. The contaminated area was remediated
7 by excavating affected soil and placing it in a solid waste burial ground trench.
8
9 It is recommended that a RA be performed encompassing each -f these thi unplanned

10 releases using available information. If the RA confirms that no contamination warranting
11 remediation remains, it is likely that no further action will be required at these this unplanned
12 releases.
13
14
15 9.3 SOURCE OPERABLE UNIT REDEFINITION AND PRIORITIZATION

r) 16
17 The investigation process can be made more efficient if units with similar histories and
18 waste constituents are studied together. The data needs and remedial actions required for
19 similar waste management units are generally the same. It is much easier to ensure a
20 consistent level of effort and investigation methodology if like units are grouped together.
21 Economies of scale also make the investigation process more cost effective if similar unitsn 22 are studied together.
23
24
25 9.3.1 Sites Deferred to Other Aggregate Areas or Programs
26
27 No Z Plant Aggregate Area waste management units and unplanned releases are
28 recommended for consideration under other aggregate areas. Fifteen waste mnagomon
29 units and six unplannoed rloo ar oomno o osdrtion tinder othor lanferd
30 programfs. ThosopormarthSulsF iltcPrgaanthRCAosrondr329ry, 31 Part-fl-prmit program-for-TSD-faciites- Seea addi t. sie r ecimmpended to be
32 vsiae by*: & existi: pras Th rg s include thee Deomisiopg and RCRA33 Closre Priram, te Waste Management Progr<am, and Single-SheIFTank tClosure Program.34 Thble 9-3Jists the wstemanagemen unipsand% pianned release that are to remain in the

35 exisin .r. rams.
36
37 The 232-Z Incinerator Building is scheduled for decontamination and decommissioning
38 in fiscal year 1999 under the Hanfordupsoiiiiingan RC 4A
39 ClosuE& Program. Because no information was found indicating releases to the soil column
40 below the facility had occurred or might occur in the near future, the 232-Z Incinerator41 Building was r.omsndod for k wnsidpation undcr p6 wb hsk t e
42 -AClosure Program and no further action would
43 be pursued under the AAMS program.
44

9-28
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-Waste Receiving and Proesesing-eQAAD

RPA'P Stoe Fciit

-211 Z Troatmfenit Tank and-unplanned roleases UN 200 WA 71, UN 200 WA 75,
and UN 200 'Al 79

-218 WA 2A Burial Ground anqd unplanned release UPR 200 'A 15

- 213 W 3A Burial Ground and unplanned roleaso UN4? 200 153

218 W 3AE Burial Ground

-218 W 4B Burial Grounid

- 218 W 4G Burial Ground and unplanned release UN 200 WA 132k

- 218 WA 5 Burial Ground

L U* ,.V T-rJ-rlIa *.flc*r fA 4l-WtI*MUP UU1

Remediation of the wRC XTSs (a trea k adsevN
b be addressed as part of the facility closure and/or final status
permitting that will occur under RCRA. The unplanned releases associated with these units
would most logically be remediated during the RCRA closure and/or permitting activities.

beactiIondoff~aetve luidefetn smU within the xste

Mange n ntegra, The aZOtiv aiis nld h 26Z2 eepage Basnandthe
21--2 n (oe:te21--0 rb scrrnl a. Pntw r mapagement unit

faiiiswl edeferred un' ater. deacrtivation.iI

9-29

One waste mfanagem ent unit is recommended for consideratint under the Surplus
Faeilities Pro-gram:

' 232 Z ineifter

Remnediahoen of this unit can be moest effectvely addressed-f throgh decontamination and
decommffissioning effor tinder the Surplufs Facilities Programf.

Waste maaefin unfts and associated unplanined releases which will bo or arc
recommefnded to be considered under the RCRA program include:

-231 5Z 1azardous Waste Staging Arca (WPA'SA
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I The 216 Z 20 Crib has been recommoended at this time Ffo transfcr fromn the U Pledt02 Aggregate Afea to the Z Plant Aggr-egate Afea. Tranisfer of this waste mnafgefmotut-H3 would allow it to be investigated with ether waste mnanagomont units with simnilar wasto
4 histeries,
5
6
7 9.3.2 Z Plant Operable Unit Redefinition
8
9 Redefinition of the 200-ZP-1, 200-ZP-2, and 200-ZP-3 Operable Units is suggested

10 based on the data evaluation in this report. Wtfi r nededthThe sodr com ieA&&

12 21esinated a&2QO.ZP T. Aeptt groundwAer rb n nt T
13 sho4jd e. crmd h 0ZP udae >Pera.le Unit shu edlndb ~14 hydr logKc regimelnortb of the UPond! mound ineluding~ th& grudaerb m (he Z and26 mosse "a Ph W0-~e uc :I0raLZ 215 _4p

17
18 Theet perabkUitshld be as follws:
19
20 e nvs bo of5 kundwjtr shev d ie remvedfromtesoeo h rncl

. -- b which are Curent.y desi ted as'r 22 comibniedsource and ~gron wa er opprabe liwt an, ihod&b a 4
23 Area Groundwatr Qpcrable t it designated 200 P-t.KGrouncwater aeneatnitne24 perae unt nrs w a rrou g op~er w ......since..s o...
25 by eographic 661undar1s ~Groudweer.,gqunih fhrom nearhvy opere26 uns asi%7iAted en wh 0 ZPOeaeUu.sntr rudae
27 ccnntamnnatn orignnaabng within the o tvixte otl8 ~9teteUnit ' 't

292nSe A he 4ptega e f-30 20M WestAra. T imeraon ood&1ki&1 bebest hWmAi dVina. c'o nbinecIe31 r d r rb .d vidc sroperabkns. No
32 evdneofltrlconrinnt mti n idn tbrhe war-<.in w K i[f
33 prse beet he20Z tpeable Units, toor ftohtjbchtibps otide the
35 pr~ nt a ndated y yjhe aaliabe data. Co~nsequent 5 percld waer
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1 0 The 232 Z Incineraitor be remoived fro e scope of the Z Plant Operable Uits
2 and considered under the Suwflus Facilities Program;i and
3
4 a Several waste mnanagemient un-its subject to RCRA closure and/or final statuis
5 pefrmitting, along with associated nlne rlaeb adesdetieyb h
6 RCRA programf.
7
8 For the 200 ZP 1 and 20 P 2 Operable Units, it is recemimenided that:
9

10 All liquid walste dipsluis(~., cribs trnces Frnhrn e11 cosolidated and the eunfent bounfldarie-s b e a reofgred to only one Oper-able
12 Unit encompassi o qst
13
14 14nplanned releases within the reconfigured bounda~' beinled in the
15 eensolidated Operable Unit; and
16
17 The-geographic beandaes be redefined to include the 216 Z 20 Crib.
18
19 it is recommended that the 200 ZP 3 Operable Unit be reconfigured to encompassthe
20 burial grounds. Itis remmended that tho Z Plant Bum Pit also be assigned to this
21 Operable Unit

Co 22 waste disposal Operable Unit. The
23 reassigned to the liid waste disposal Operable Unit. Unplnnd releases within th
24 renfgured bcunda' wculd be keluded in the buria grounds Operable Unit.
25
26
27 9.3.3 Investigation Prioritization
28
29 Very little if any data exist to rank the waste management units and unplanned releases
30 within the Z Plant Aggregate Area on a risk-related basis. The HRS and surface

,r- 31 contamination data! which were used to sort the waste management units and unplanned
32 releases into either high or low priority' are indicators of potential risk but are not suitable to
33 develop a risk-related ranking. The most useful data for indicating potential risk are
34 probably the waste inventories and facility construction or operation information.
35
36 Based on available information about inventories of wastes and contaminants, facility
37 construction, and operational history, it is recommended that investigations be prioritized as
38 follows:
39
40 * Facilities which discharged liquid waste containing radionuclides and/or
41 hazardous constituents to the soil column should be evaluated first. First priority
42 within this grouping is recommended for the cribs and associated transfer units,43 which received the largest quantities of contamination, with secondary priority
44 given to the trenches, the reverse well, the tile field, the Ffrench drains, the
45 basins, and the settling tankst"
46
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* The burial grounds pose a potential for wind erosion and subsequent release to
air, therefore they should be evaluated second; aitd'

* Other facilities which discharged liquid wastes that are not suspected of
containing radionuclides and hazardous constituents, such as the septic tanks and
associated sani"ay drain fields, should be evaluated third.

Th rga aercompleti $ of the RM ad LE

sgapm a tF/i n. Specific priorities for each waste
management unit will be developed in subsequent work pians.

9.3.4 RCRA , .o m&ri e@&AdFacility Interface

As previously discussed in Section 9.3.1, there are a number of RCRA facilities in the
Z Plant Aggregate Area. These facilities belong to a separate program with separate Tri-
Party Agreement milestones. Some environmental releases at these facilities may have
commingled and interacted with other source units at the Z Plant Aggregate Area, depending
on the extent of contamination that has occurred. For example, contamination from the
218-W-2A and 218-W-3A Burial Grounds, which are TSD facilities deferred to the RCRA
program, may have affected the 218-W-3 Burial Ground, which is covered under this
AAMS. Given the number of RCRA facilities in the Z Plant Aggregate Area and their
proximity to other units, it is expected that there will be a need for RCRA facility interface
for some of the Z Plant waste management units.

The RCRA Part B permit application for the burial grounds proposes that final closure
be initiated in about the year 2081, with partial closures of portions of the burial grounds to
occur as each portion is filled. A definitive schedule for partial closures has not been
established yet. Corrective actions associated with ongoing activities and future closure
actions have not been defined in the Part B permit application at this time. A site-wide
RCRA permit is currently being negotiated which will eventually finalize Hanford Facility
closure schedules and corrective actions. All closure schedules and corrective actions at the
burial grounds are still subject to regulatory agency approval until the final RCRA permit is
issued.

Investigations have been recommended for several non-RCRA burial ground units
under this AAMS. Since partial closures and corrective actions of the RCRA burial grounds
have not been established, the recommended investigations may precede or overlap with
RCRA activities. It will be necessary to ensure that investigations at non-RCRA units are
integrated with schedules and proposed actions for the RCRA burial grounds as they are
incorporated into the final status permit.

In addition, there are a number of unplanned releases associated with RCRA TSD
facilities within the Z Plant Aggregate Area which are recommended to be addressed during
RCRA closure and/or permitting activities. Investigation and remediation of affected soils
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I associated with these unplanned releases, if any, would result in a need to interface with the
2 planned RCRA facility activities.
3
4
5 9.4 FEASIBILITY STUDY
6
7 Two types of the FS will be conducted to support remediation in the 200 Areas
8 including focused and the final FS. ioil tFSs) are studies in
9 which a limited number of units or remedial alternatives are considered. Final FS will be

10 prepared to provide the data necessary to support the preparation of final ROD. Insufficient
11 data exists to prepare either a feeused r or final FS for any units or group of units within
12 the Z Plant Aggregate Area. Sufficient data are considered available to prepare a FFS on
13 selected remedial alternatives.
14
15

- 16 9.4.1 Focused Feasibility Study
17
18 Both LFIs and IRMs are planned for the Z Plant Aggregate Area for individual waste
19 management units or waste management unit groups. The IRMs will be implemented as they
20 are approved, and the FFS will be prepared to support their implementation. The FFS
21 applied in this manner is intended to examine a limited number of alternatives for a specific
22 site or groups of sites. The FFS supporting IRMs will be based on the technology screening
23 process applied in Section 7.0, engineering judgement, and/or new characterization data such
24 as that generated by a LFI.
25
26 Recommendations for the FFS in support of IRMs are not provided in this report27 because of the limited data availability. In most cases, LFIs will be conducted at waste
28 management units or unplanned releases initially identified for IRMs. The information
29 gathered is considered necessary prior to making a final determination whether an IRM is
30 actually necessary or whether a remedy can be selected.

o' 31
32 Rather than being driven by an IRM, the FFS will also be prepared to evaluate select
33 remedial alternatives. In this case the FFS focuses on technologies or alternatives that are
34 considered to be viable based on their implementability, cost, and effectiveness and have
35 broad application to a variety of sites. The following recommendations are made for FFSs
36 that focus on a particular technology or alternative:
37
38 * Capping
39
40 * Ex situ treatment of contaminated soils
41
42 * In situ stabilization
43
44 These recommendations reflect select technologies developed in Section 7.0 of this report.
45
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I The FFS is intended to provide a detailed analysis of select remedial alternatives. The
2 results of the detailed analysis provides the basis for identifying preferred alternatives. The
3 detailed analysis for alternatives consists of the following components:
4
5 * Further definition of each alternative, if appropriate, with respect to the volumes
6 or areas of contaminated environmental media to be addressed, the technologies
7 to be used, and any performance requirements associated with those technologies.
8 Remedial investigations and treatability studies, if conducted, will also be used to
9 further define applicable alternatives.

10
Il * An assessment and summary of each alternative against evaluation criteria
12 specified in EPA's Guidance for Conducting Remedial Investigations and
13 Feasibility Studies under CERCLA (EPA 1988,§).
14
15 * A comparative analysis of the alternatives that will facilitate the selection of the
16 remedial action.

IN! 17
18
19 9.4.2 Final Feasibility Study
20
21 To complete the remediation process for an aggregate area, a final or summary FS will
22 be prepared. This study will address those waste management units and unplanned releases
23 not previously evaluated and will summarize the results of preceding evaluations. The
24 overall study and evaluation process for an aggregate area will consist of a number of FFSs,
25 field investigations, and interim RODs. All of this study information will be summarized in
26 one final FS to provide the data necessary for the final ROD. The summary FS will likely
27 be conducted on an aggregate area basis; however, future considerations may indicate that a
28 larger scope is appropriate.
29
30
31 9.5 TREATABILITY STUDIES
32
33 A range of technologies which are likely to be considered for remediation of waste
34 management units and unplanned releases within the Z Plant Aggregate Area were discussed
35 in Section 7.3. The range of technologies included:
36
37 * Engineered multimedia cover
38
39 * In situ grouting
40
41 e Excavation and soil treatment
42
43 * In situ vitrification
44
45 * Excavation, treatment, and disposal of transuranie 79 radionuclides046
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1 * In situ soil vapor extraction of volatile organic compounds|
2
3 Treatability testing will be required to conduct a detailed analysis for most of the
4 technologies. eevt .A. ida'nce will b d
5 tdies. A summary of treatability testing needs outlined in Section 7.3 is as follows:
6
7 Eniginieered multimnedia covor porformfanee testing (pilot scale testig) oe

8 conocptual designs-is-fneeded.

9
10 In situ grouting testing required to optiaize injetion properties of grout and
11 venifyoeffeotivoncos in stabilizing contamninanlts.

12
13 - Excavation anid soil treatmenit testing of dust controel mfeasurfes, soil treatmfent

14 reagents, and contacting methods will be roquired. Some limnited-soilRwashin

15 bench sotl studios have boon initiated.

16
17 M I situ vitiflcation testing requiroed to vofify contamaiiant stabilizato

18 effectivoness and to establish oporating pafrmotors. Somfe vitr-ification pilot

19 testing is ongoing.
20
21 - Exoavyation, troatmfent, and disposal of transuranic r-adionuctlides testing to

n22 evaluate dust control mfeasuires and stabilization or vitrificationt effectiveness anid

23 te establish operating parameters is required.
24

n 25 In situ soil vapor extraction of volatile organic :ompounds extraction
26 effootivenoss fioods to be verifiod and oper-ating p-aframetors require leNvolopmaent.

27 A pro:gram is eff:ntly under way for field testing of vapor extracen teohniqus
28
29 E Ogineered md A fcdver design effots haver taen place

30 Vex siedi! .. e

30 Site wastmanagement,4Pemiting, RARA' d-RCRA
31 AMosute ttvies Atthough pefoMnce 'istihg 'i tackid, a4Um'ber of
32 c"d M dbd t f was
33 maaein nt.TefaiiiyteatabWHityprbcess 'anbe"ceerdb
34 Utilng existing cver i peromacen
35 objvsaddsn crtena should
36 a ibsdn the degree reco 6d
37 The a yOfteisting ebaceptual designs should be elatId againstheso

39 nst t daa needs camrthei{be ssessedby pilot-scesg
40 $.g2ogg%& g
41
42 s Mtests wuld tefre1 uized to asestherequred

44 lot-sae tsts wLd £e reqited t& otrtte effectien for stabiizing
45
46
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As treatability testing of the various alternatives progresses, other parameters are likely
to be identified which require further development. Guidance exists from various regulatory
agencies (e.g., EPA) for designing and implementing treatability studies; relevant guidance
will be relied upon as treatability studies begin and progress.

9.6 PROPOSED AGGREGATE AREA BASED FIELD CHARACTERIZATION
STUDY

It has been established that carbon tetrachioride emanates from the Z Plant Aggregate
Area soils and wells during certain meteorological conditions. In addition, other volatile
gases have caused work shutdowns to protect employees in the area. Presently, little is
understood regarding the nature and sources of these volatile gases, yet there remains a
strong need to respond to this health and safety issue for worker protection purposes. As a
result of this need, an aggregate area-based field characterization program is proposed. This
effort will characterize the volatile gases in the Z Plant Aggregate Area (primarily carbon
tetrachloride) and associated meteorological effects. Additional consideration should also be
given to extending the program to other portions of the 200 West Area where ambient air
quality may be a concern.
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WASTE
MANAGEMENT
UNITS AND
UNPLANNED
RELEASES

Is ERAjusfied Yes release occurred Yes driing force to Yes Is the release Yes i s BhATYYes o rse roe a .based on Strategy' or is ane Ynxoue>0xetbes concentration 1.sBDAT Yes consequences No Proposed action No R ndERA ciraimminent? pathway? quantity? sndds vibloffset the bnefit mExeuieet e m
Evaluation of the ERA? of operations
Path Program? Acton

No No No Yes Yes

Recommend
Action Under
operations
Program

IRM
Evaluation a-ab-e on srface rada- i a Y Classify Uis e d Yes WYe Recommend

ion data, and postulated - prorty? into siar adecuate for workwithout adverse s erm
relegrupin ? consequences? remedial

measure

oNo

Establish F.RS score No Will LFI
by comparison with collect sufficent
s milar units data?

Yes

LF! NO Recommend
Evaluation LFr
Path

Are
Final Cat adequate
Remedy for Aggregate Area No Recommend
Selection Risk Assessment and Additional
Evaluation tA remedy Field
Path selection? Investigation

Yes

Flonmend
Risk
Assessment 

* Hanford Site Past-Practice Strategy (DOE/RL 1992a)

Figure 9-1. 200 Aggregate Area Management
Study Data Evaluation Process.
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Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 1 of 4)

Waste Management Unit or Current Operable Unit ERA IRM LFI RA RI OPS Remarks
Unplanned Release

-Tanks and Vaults -

216-Z-8 Settling Tank 200-ZP-2 X X X Remove drainable liquids

241-Z-361 Settling Tank 200-ZP-1 X X X Remove drainable liquids

- - - - Cribs and Drains

216-Z-1 & 216-Z-2 Cribs 200-ZP-I X X X RARA - Surface Contamination (a)

216-Z-3 Crib 200-ZP-i X X (a)

216-Z-5 Crib 200-ZP-2 X X X
RARA - Cave-in Potential

216-Z-6 Crib 200-ZP-2 X X X

216-Z-7 Crib 200-ZP-2 X X X

216-Z-12 Crib 200-ZP-1 X X (a)

216-Z-16 Crib 200-ZP-2 X X

216-Z-18 Crib 200-ZP-1 X X X Carbon Tetrachloride ERA Proposal Unit

(a)

216-Z-8 French Drain 200-ZP-2 X

216-Z-13 French Drain 200-ZP-1 X (a)

216-Z-14 French Drain 200-ZP-1 X (a)

216-Z-15 French Drain 200-ZP-1 X (a)

216-Z-IA Tile Field 200-ZP-I X X X RARA - Surface Contamination; Carbon
Tetrachloride ERA Proposal Unit (a)

'~0

a

00
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Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 2 of 4)

Waste Management Unit or Current Operable Unit ERA IRM LFI RA RI OPS Remarks
Unplanned Release

_________________Reverse Well

216-Z-10 Reverse Well 200-ZP-2 X

: ------ - - Ponds, Dltches and:Tenches

216-Z-4 Trench 200-ZP-2 X X

216-Z-9 Trench 200-ZP-2 X X X X Carbon Tetrachloride ERA Proposal Unit'O

216-Z-17 Trench 200-ZP-2 X X

_________________________Septic Tanb and Assoojated Drain Fields.

2607-Z Septic Tank and Drain 200-ZP-2 X Active
Field

2607-Z-1 Septic Tank and Drain 200-ZP-2 X Active
Field

2607-WA Septic Tank and Drain 200-ZP-2 X Active
Field

2607-WB Septic Tank and Drain 200-ZP-2 X Active
Field

2607-W-8 Septic Tank and Drain 200-ZP-2 X Active
Field

- - -______Transfer Faciliries, Diversion Boxes, and Pipelines -- -

241-Z Diversion Box No. I 200-ZP-1 X X (a)

241-Z Diversion Box No. 2 200-ZP-1 X X (a)

231-Z-151 Sump 200-ZP-1 X X (a)

Basins

241-Z Retention Basin 200-P-2 X

216-Z-21 Seepage Basin 200-ZP-2 X Active

\0
0

U
0

00
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Waste Management Unit or Current Operable Unit ERA IRM LFI RA RI OPS Remarks

Unplanned Release

218-W-1 200-ZP-3 X X

218-W-IA 200-ZP-3 X X

218-W-2 200-ZP-3 X X X RARA - Surface Contamination

218-W-3 200-ZP-3 X X

218-W-4A 200-ZP-3 x X X RARA - Surface Contamination

218-W-1I 200-ZP-3 x X

Z Plant Burn Pit 200-ZP-2 X Redefined to 200-ZP-3 Operable Unit

Unplanned Releases -

UN-200-W-11 200-ZP-3 X X

UPR-200-W-16 200-ZP-3 x X

UN-200-W-23 200-ZP-1 X (a)

UPR-200-W-26 200-ZP-3 X X

UN-200-W-44 200-ZP-3 X

UPR-200-W-53 200-ZP-3 X X

UPR-200-W-72 200-ZP-3 x X

UPR-200-W-84 200-ZP-3 X x

UN-200-W-89 200-ZP-1 X (a)

UN-200-W-90 200-ZP-1 X (a)

UN-200-W-91 200-ZP-1 x (a)

UN-200-W-103 200-ZP-1 X (a)

Tb2 1 2 y 0 0oes I I I

Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 3 of 4)
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Table 9-1. Summary of Results of Data Evaluation Process Assessment for Z Plant Aggregate Area. (Sheet 4 of 4)

Waste Management Unit or Current Operable Unit ERA IRM LFI RA RI OPS RemarksUnplanned Release

UN-200-W-130 200-ZP-2 X X

UPR-200-W-134 200-ZP-3 X X

UPR-200-W-158 200-ZP-3 X X Only the portion of the release associated
with 218-W-1A Burial Ground.

UN-200-W-159 200-ZP-l X (a)

Notes:

ERA Expedited Response Action
IRM Interim Remedial Measure
LFI Limited Field Investigation
RA Risk Assessment
RI Remedial Investigation; Feasibility study will be conducted if RA indicates remedial action necessary. 0OPS Operational Programs

a. '* Redefined to 200-ZP-2 Operable Unit

00
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Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 1 of 4)

Final
Rem-

ERA Evaluation Path IRM Evaluation Mih FIR Path edy

Waste Tech- Ope- No
ManagementUnit Is An nology Adverm tional Adverse Data
or Unplanned ERA Quan- Concen- Avail- Cose- Pro- High Data Cons- Collect Ad.-
Release Justified? Release? Pathway? tity? tration? abk? quences? grans? Priority? Adequate? quences? Data? qua?

- -- -- Tank, ndVaults - ---

216--SSctling Y Y Y Y Y Y N N N -N

241-Z-361Setting Y Y Y Y Y Y N 7 N N[-E N
Tank I

- CbsCand Drains-

216-Z-1& Y Y Y Y Y Y N Y Y N - Y
216-Z-2 Cribs

216-Z-3Crib Y Y N - - - - - N" N - Y

216-Z-5Crib Y Y Y Y Y Y N Y Y N - Y

216-Z-6Crib Y Y Y Y Y Y N Y N" N - Y

216-Z-7Crib Y Y y Y Y Y N Y Y N - Y -

216-Z-12Crib Y Y N - - - - - N" N - Y-

216-Z-16Crb Y Y N - - - - - NI N - Y -

216-Z-18Crib Y y Y Y Y Y N N N" N - Y -

216-Z-8French Y Y N - - - - - N - - - N
Drain

216-Z-13French Y N - - - - - - N - - - N
Drain

216-Z-14French Y N - - - - - - N - - - N
Drain

216-Z-15French Y N - - - - - - N - - - N
Drain

216-Z-1ATi, Y y Y Y Y Y N N Y N - Y -
Field

0

'0

S.3
tJ
p w

0
0

\0



Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 2 of 4)

Rem-ERA Evaluation Paet IRM Evaluation Path LFI Path edy
Wasem 

Tech- Opera- No
or Unplanned ERA Quan Concen- Avail- Coa.t Pro- High note Congo- collect Ade-ManamntnitI EA nolegy Adverse daona! Advent Data
Release utified? Release? Paay? ty? tron? be? qu ? s? Priority? Adqute? quen? Dat? quate?

Reverse ell- -

well if 0&jy jy jN Y f N N N

-- --- - ____ Ponds. Di hes; and Trenoe --

216-Z-4 Trench Y Y N - - N" Ny
216-Z-9Trench Yy Y Y Y N N N" N Y
216-Z-17Trench Y Y N N - -

----- -- - -Sepi Take and AssociatedD i Feds- - -- -

2607-Z Septic Y N - N
Tank and Dmin-
Field

2607-Z-1 Septic Y N N
Tank and Drain
Field

2607-WA Septic Y N -N N
Tank and Drain
Field

2607-WB Septic Y N -N N
Tank and Drain
Field

2607-W-8 Septic Y N- 
-N-N

Tank and Drain : - - -N

Field

- - - - . Transfer Facilities Diversion Bo-es and Pipelines -

241-Z Diveraion Y N N" N y'.Box~~ I I10.
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Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 3 of 4)

Final
Rem-

ERA Evaluation Path IRM Evaluation Path LFI Path ody

Waste Tech- Open- No
Management Unit Is An nology Adverse tional Adverse Data
or Unpaned ERA Quan- Concen- Avail- Come- Pro- High Data Conse. Collect Ade-
Release Justified? Release? Pathway? fity? tation? able? quences? grams? Priority? Adequate? quinces? Data? quat?

241-Z Diversion Y N - - - - - -N N - Y-
Box No. 2

231-Z-151Sunp Y Y N - - - - -N N - Y-

241-ZRUtetion Y N ------ N --- NBBasin

216-Z-21 Seepage Y N - - - -J-N - -N

Basin

218-W-1 Y Y N - - N. N - y

211-W-IA Y Y N - - - N - - N

218-W-2 Y Y Y Y Y Y N Y Y N - Y

218-W-3 Y Y N - - - N' N - Y

218-W-4A Y Y Y Y Y Y N Y Y N - Y

218-W-11 Y Y N - - - - - N - N

BumPit Y Y N - - - - - N - N

- -_______ _ -_- Uaplanned.Releases - - - -- --- - -

UN-200-W-ll Y Y N - - - - - N - - - N

UPR-200-W-16 Y Y N - - - - - N - - - N

UN-200-W-23 Y Y N - - - - - N - - - N

UPR-200-W-26 Y Y N - - - - - N - - - N

UN-200-W-44 Y Y N - - - - - N - - - N

V

7]
tO
0

C1
0

00
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Table 9-2. Z Plant Aggregate Area Data Evaluation Decision Matrix. (Sheet 4 of 4)

Final
Rem-

ERAEluation Pah IRM Evaluation Path L Path edy
Wast Tech- Oper- No
M gementUnit Is An nology Adverse 6nal Ade DaorUnplanned ERA Quman- Concen- Avail- Conn- Pro- High Data Cose- Collect Ade-Release | Justified? Release? Pathway? tity? trasion? able? queacea? gram.? Priority? Adequate? qucnces? Data? quae?
UPR-200-W-53 Y Y N - - . - - N - - N
UPR-200-W-72 Y Y N - - - - - N - - y

UPR-200-W-84 y Y N N - y
UN-200-W-89 y Y N - N N

UN-200-W-90 Y Y N - N -

UN-200-W-91 y Y N - - - - N - - N

UN-200-W-103 Y Y N - - - N N
UN-200-W-130 y Y N - . - - N - - - N
UPR-200-W-134 y Y N - - - N y

UPR-200-W-1S8 Y Y N - -N N
(1)

UN-200-W-159 Y Y N - - N - - - y

Y Yes
N No
- Indicates decision point not reached.
a Evaluated as high priority site because of proximity and/or similarity to other high priority sites.
(1) Only the part of unplanned release UPR-200-W-158 associated with the 218-W-1A Burial Ground.

t~-)
0-

0
0

W)
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Table 9-3. Waste Management Units and Unplanned Releases
Addressed by Other Programs.

Site Name'\ Site Type Program Active/Inactive Operable Unit

Plants, Buildings, and rae Areas

232-Z Incinerator D&RCP Inactive 200-ZP-l

Tanks and Vaults

241-Z/JN-200-W-74, Treatment D&RCP Active 200-ZP-1
UN-200-W-75, UN-200-W-79 Tank

Burial Sites

218-W-2A/UPR-200-W-45. Burial Ground, D&RCP Inactive 200-ZP-3

218-W-3A/UN-200-W-158 Burial Ground D&RCP Active 200-ZP-3

218-W-3AE Burial Ground D&RCP Active 200-ZP-3

218-W-4B Burial Ground D&RCP Active 200-ZP-3

218-W-4C/UN-200-W132 Burial Ground D&RCP Active 200-ZP-3

218-W-5 Burial Ground D&RCP Active 200-ZP-3

218-W-6/UN-200-W-158 Burial Ground D&RCP Proposed 200-ZP-3

D&RCP - Decommissioning and RCRA Closure Program

Waste management unit and associated unplanned release, if any.
r,'
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A.1.0 SUBSURFACE GEOPHYSICAL LOGS

4P 1
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216-Z-1 Crib
216-Z-2 Crib
216-Z-3 Crib
216-Z-5 Crib
216-Z-7 Crib
216-Z-12 Crib
216-Z-16 Crib
216-Z-18 Crib
216-Z-1A Tile Field
216-Z-9 Trench
216-W-3A Burial Ground
216-W-3AE Burial Ground
216-W-4B Burial Ground
216-W-4C Burial Ground
216-W-5 Burial Ground
216-W-6 Burial Ground
216-W-11 Burial Ground.

As part of this Aggregate Area Management Study, select geophysical well logs from
these twenty-four waste management units were examined to provide a preliminary appraisal
of migration of radionuclides in the unsaturated zone. The objectives of the geophysical well
log study were to qualitatively and, if possible, quantitatively evaluate the extent and rate of
vertical and lateral migration of radionuclides. Several previously conducted studies provide
important background information. Most notable is a three-volume document by Fecht et al.
(1977), in which gross gamma-ray logs were reviewed and evaluated for potential
contamination. Several additional published and unpublished documents exist such as gross-
gamma logs acquired from monitoring inactive cribs and logs acquired as part of the low-
level burial ground monitoring well installation program (Chamness et al. 1991). Pertinent
results of previously conducted studies or observations are discussed along with results of
this study in sections describing individual waste management units.

The following vadose zone fluid migration pathways have been recognized in the
200 West Area: 1) vertical downward migration; 2) lateral migration at the interface of an

A-1

Geophysical well logging has been conducted at the Z Plant Aggregate Area since at
least as early as 1954 as a surveillance technique to evaluate radionuclide migration in the
unsaturated zone underlying or adjacent to waste disposal or storage areas. Vadose-zone
monitoring wells and groundwater monitoring wells have been constructed at many of the
Z Plant Aggregate Area waste management units. Geophysical well logs have been acquired
from monitoring wells at the following eighteen waste management units, the remaining
waste management units did not have monitoring structures in the immediate vicinity:
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1 underlying coarser-grained zone or low permeability zone; 3) a combination of vertical and
2 lateral migration that may be manifested in adjacent wells as digitate clean and contaminated
3 zones; and 4) vertical downward migration along the well casings in poorly constructed
4 wells. Additional complications in interpreting the migration of contaminants include the
5 natural decay of radionuclides and the different migration rates of various radionuclides.
6
7
8 A.1.1 AVAILABLE GEOPHYSICAL WELL LOGS
9

10 The array of geophysical logs acquired from the Z Plant Aggregate Area includes gross
11 gamma-ray logs, gamma-gamma logs, neutron-epithermal-neutron logs, density logs, sonic
12 logs, and temperature logs. Spectral gamma-ray logs have been acquired at two locations
13 within the Z Plant Aggregate Area: within the 216-Z-1A Tile Field and along the 216-Z-20
14 Ditch. However, because the 216-Z-20 Ditch is a U Plant Aggregate Area waste
15 management unit, it is not discussed in this report. The gross gamma-ray log was by far the
16 most common log acquired, and, with the exception of the spectral gamma-ray log, is the

17 most useful for evaluating migration of anthropogenic radionuclides in the unsaturated zone.
18 Ancillary logs, such as the neutron and density logs, may also provide useful information.

7 19 The interpretation of those logs, however, is complicated by several factors, including: the
20 presence of multiple casing strings, the complications of logging in unsaturated zones,
21 uncertainties in well construction and modifications, and questionable tool geometry and
22 response characteristics. Consequently, the ancillary logs were not evaluated as part of this
23 study.
24
25 The available gross gamma-ray logs were acquired from Z Plant Aggregate Area
26 monitoring wells by the Pacific Northwest Laboratory (PNL) under contract by the primary
27 Department of Defense Westinghouse Hanford contractor.

- 28
29 PNL began recording gross gamma-ray logs from Z Plant Aggregate Area monitoring
30 wells in 1958. On the basis of log presentation, three generations of logging equipment have
31 been used in the Z Plant Aggregate Area since 1958. However, based on conversations with

32 long-term Westinghouse Hanford and PNL employees, several more subtle equipment
33 modifications were made within generations of logging equipment. In fact, judging from the
34 normalization factors used by Fecht et al. (1977), procedural or equipment modifications may
35 even have been made annually. Beginning in 1982, procedures were implemented to
36 improve log quality and consistency (Lewis 1991). Further improvements in logging
37 procedures were implemented in 1989. Since 1976, two probes with similar response
38 characteristics have been used by PNL. Beginning in 1982, the serial number of the probe
39 used has been recorded on the log header. Detailed logging procedures are described in
40 WHC (1991).
41
42 The gross gamma-ray logs identified for this study are listed in Table A-9. The logs
43 listed in Table A-9 constitute a comprehensive list of all logs acquired in the Z Plant
44 Aggregate Area through 1990. Logs were identified for eight cribs, one tile field, one
45 trench, and eight burial grounds.
46

A-2
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A-3

A1.2 L6OG QUAITY

An assessmient of gross gammna ray log quality is diffiult, p--iulryfrtevy
early logs, because-of a l1ack oef -accessible documentation of pr ecedur-es and results.
Ev~aluiation of lg quality ultmael enopasses a large nube o acor ncudn

- -- - A- -- - - -- . _ --- e r e Atet e i elu i

doeumcAF-ntatio ofdsg pcfctos, modifications, and repairs; detailed perforancale tests
Sprobes and instrumentation; evaluation of the precision and accuracy of the d

mneasuremnent sytmrbe response; and periodie cabr-ation. Of equal impedtance to
equipmcnt considerations is documentaio-n of mnitoring well constfuction and moedifications9
("as built" dliagramns and referencee elevations. PNL has vastly improved thef tfality
eento1 procedures over the last decade. Beginning in 17,a designated test wel'l (3995 2
was logged on a quary ais n probe serial numbers were recorded alogwtbai

t:.-y -a4s ----

logging inlformation. "Calibration" logs acquired between 1979 and 1988, when moe
sephistieated procedures were implcenftcd, arfe fairly uniform with respect to log intensity
and bed resoluion. No krnownqultcotoinomtoexssfrogaqiedbPN
prier to 1979. Since 1983, a significa ama a een m n ti r P l

Without docuenftation, the only mfeans to evaluate log quality is to compare legs
Walected fromn the samne well. There is substantial vafability in probe senfsitivitybot
betweent and within the three genierations of equipmnent, although reproducibility ineeasos
signifleanfly after 1980. There aso appeears to be vaiability in the linearfity of probe
response,-becue el takgronfd ratios Fife not consent Resolution of--- m-1 ke beds
seems to be conisistenit between generations, but depths typically vav' by :2E ft. Both
intensity anid depth mneasur-ements arc very difficult to assess ont mal-jor ea fromn the 1558
1959 logs Xsterlinc-A-ngusrcodr.

A.1.3 TECIIdCAL APPROACH1

To facilitate differentiationt of peaks resulting fromn natur-al and anthrogni
radionuolides, geolegie eress cdones of the waste mnagement units w.ere constucted
(Figures A 2, A 3, A 5, A 6, A 2, and A 9) using repesenaiv rosgam rylgsacquired fromf the mi at aaeetuis ~tosaesono
Figures A 1, A 1, and A 7. Coneations shown on the cross sections are based-eon geologic
descriptions by Last et al. (1939) anid typical gammifa ray log characteristics (Shumfberget
1972 and 1975; Desser Atlas 1932).

In the Z Plant Aggrgat Ara1heupr 12 to 28 m (40 to 90 ft) conisist of oarsesand, gravelly sand, and sandy gx.'el idetifie as he 1Paseo gae ebro h afr
formiation. This horizon typically has a fairly low and uniformi naturao-l gammffa esponise.
The low gammifa response frequently bser,ed in the upper: 6 En20f is prbably det

atteuaton y coducor asin. UderyingthePaso grvel meberis the basal slack
wate seuenc ofthe anfrd frmaion. The fine gra-hned ature of this unit prdusA.

slgtyhgebuetl nfrgam a epne
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One of the moest stfldng featuros of many legs isthc rc:latively high gammifna ray
r:spenso resulting from th fine grained colian sand and silt (eoss) c:ompdising th. ar:y
TPalouse" soil. That unit is typically 6 to 9 m (20 to 30 ft) thick afid has onc or two peaks9
yi:lding the greatest gamma ray respons of the natural radiEclides. Th: underlying
Plicono Pleisto:.no basaltic gravels and calich: dich paleosal (caleroto) units arc not easily
recognizablo on thc logs, although th:y often display a reladiv:ly low gammffa ray roespons
(as low as the Pasco gravls). Zones of :spccially low responas at probably gravel and
dceh, whereas zones of ospecially high rosponso may result &fro the calcrctc layers.
Uniderlying thc Plic Ploistenoti hotozns, is thc mliddic Rinigold Pormation, consisting oa

sand and gravols and occasional lenses of sand and clay. in thc southor portion of the s
the Upper Ringold Formfation is present. The disconitiniuous fite sands and mfuds of thc
Upper Ringold product a fairly high gammfa ray rosponce comiparablc to the Eardy "Palouse"
seils

The "regional" sfatigraphic framowork doesribod abovo provides a basolino for moro
detald ovaluation of logs &fro an individual w.aste management unit. For each wasto

17 ainagemnft unit, legs frem ncaby wells Acec coffclatcd and comparod to thc cross soction
18 of th: wast: managoment unit to idcntify log proflc anomalios that might roeprsont
19 anthropogcnlic radionucelidts. For many of the moroe rocondy eonsmdcttd wells and later
20 gross gamma ray logs wero acquirod in the 20 em (8 in) diameter casing mid thon shortly
21 thoroafter in 15 cm (6 in) diameter casing. Goncrally, only the later logs provided useful
22 information on anthropognic radionuclido peaks.
23
24 Rosuilts of the log intewprctaticns for each of the waste mnagomont units are prosonted

25 in the following soctions.
26
27
28 4. ROS GA M4A L OGR N
29
30 =5i eMolT ThAga itin mi"rt % a sed Wd {eTmiinei: ..e f

C'31 b*Wb : Tiiit i32 g h c ty tbe wel bore. tes measrements
differentiate.bw the mechanisms hrough which ganma .daRon As produced or the

33 dm .a.ma .diatio. pho.on detected T e ptam a on
34;yeec >gt i n ni exce t p rhs frth -ow-"

OdAg qpnpit e tsed gto tdetrin iV
36 isotpuc composi an? o esuurace since tfiih is demined thrfughitel alf o h
37 en&rg &'cta ofth &am ai tio eted. The esaityto measnre hsP>ettviof

38 gna tadnibn 4etected inthesubsurace adasytetpsan mnu fiooe
39 ptresent ai urenty 'egd'eveoped Ont ?90)
40
41 TRbUIb k otthe ambfs Wiibl&Uforthe Z :tAtr e ci'e

43 Srelac An roysb APp4t Gtu (T* AS citilai roh detect hg flash of44 somtpprIsd s hi su tweeP> paarflium-ctLivated

45 sodtum ndtde (NaI(T1)wih phtmlule xub c.< Th eshn pu .e o'*e~**r>c .
46 aMhfiif, rodted thrbugh aI r g.
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* Maso h hcns fteitr!o lvtdp n r~aibnwe pdud r
2 wate managemerfnits w,. zoeso ele htbma raidn hog Ath aps a03I .4 .. ._ ......~. ...x

3 ngt gtve axnysrindioof gamrntaavitd_ opovd esn~ fraentio o tne
4 poedletent of gpmrma emnl~tts. U adty dta weeayie tic eth a ht r not

6 su&~ ob sdi uhaquandtiive Jashioni.

7
8 A.1.4 EVALUATION OF DATA IDENTIFIED FOR WASTE MANAGEMENT UNITS
9

10 Based on availability of both gross gamma and geologic logs for a particular waste
11 management unit and indications of elevated gamma activity, an analysis of the potential
12 nature and extent of radionuclide contamination was performed. Sections A. 1.4.1 through
13 A. 1.43, discuss data identified for the following re:presnare waste management units:
14
15 * The 2l6-Z-l8SCrib
16
17 * The 216-Z-9 Trench
18
19 * The 216-Z-1A Tile Field, 216-Z-1 and 216-Z-2 Cribs, and 216-Z-3 Crib,
-20
21 - TellZ Ci
22
23 e TheI f2I6-Z-1i2 Crfib
24

5 Sulep a

25 ros setios wre ot repredfor othe&4Z Plant Aggregate Area~ waste mnanagement-2 uits because jnonitoring wel eentidniidna these facidities' (e~ g., the 2<6Z
278 rec Dai~in)i r availab- wel hv no en gged (most;1jIkely due tnappropriate weI1

29
"" 30 A.1.4.1 216-Z-18 Crib

31
32 A.1.4.1.1 Waste Description. This section briefly summarizes information presented in
33 Tables 2-1 and 2-2, and Sections 2.3 and 4.1.
34
35 Source - High salt, acidic, organic waste from 236-Z Building.
36
37 Service Dates - 1969 - 1973.
38
39 fluid Volume Received (Liters) - 3,860,000.
40
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1 Quantity of Radionuclides Disposed of in Unit (Curies)
2

3
4
5

6
7
8

Waste Total Pu 2U 137Cs l&Ru Sr WCo
Management in gm
Unit I I I

216-Z-18 Crib 23,000 1,310 353

-1 A

A-10

9 A.1.4.1.2 Scintillation Probe Profile Evaluation. Cross Sections A-A' and B-B' through
10 the 216-Z-18 Crib are shown on Figures A-2 and A-3. Figure A-1 shows the r:oas szticn
11 leeatiens a s s i 6-Z-18Cri. As shown on
12 Figure A-2, elevated gamma response is observed just beneath the base of the northeast
13 corner of the crib in monitoring well 299-W18-9. Additional intervals of elevated gamma
14 response are observed at depths of 10 m (30 feet) below ground surface in monitoring wells
15 299-W18-94 and 299-W18-93 (Figure A-2). Monitoring well 299-WI8-98, approximately 8
16 m (25 feet) north of the crib, shows only natural gamma response. Monitoring wells
17 299-W18-9 and 299-Wi8-10 exhibit intervals of elevated gamma response from the base of
18 the crib to the top of the Early "Palouse" soil horizon. Intervals of elevated gamma
19 response, likely associated with minor fine-grained soil horizons, also are evident in well
20 299-W18-10 below the base of the Plio-Pleistocene horizon. Monitoring well 299-W18-12,
21 located near the center of the crib exhibits only natural gamma response.
22
23 Review of these gamma scintillation logs suggests that radionuclide migration to the top of
24 the Early "Palouse" soil horizon and possibly deeper has occurred in the northeastern portion
25 of the crib.
26
27
28 A.1.4.2 216-Z-9 Trench
29
30 A.1.4.2.1 Waste Description. This section briefly summarizes information presented in
31 Tables 2-1 and 2-2, and Sections 2.3 and 4.1.
32
33 Source - Radioactive, acidic, organic wastes from RECUPLEX process (234-5Z Building),
34 242-Z Building inorganic process wastes, and 236-Z CAW $uilitgkwaste
35
36 Service Dates - 1955 - 1962.
37
38 Fluid Volume Received (Liters) 4,090,000
39
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Quantity of Radionuclides Disposed of in Unit (Curies)

Waste
Management
Unit

216-Z-9 Trench

Total Pu
in gm

48,000 2 x 10'

'"Cs

0.052

(0.0556)
1.9 x 10 4

"Sr WCo "Pu 240Pu

0.049 0.00395 2,190 590
(0.0535)

8
9

10
11
12
13
14
15
16
17
18
19
20

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
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A.1.4.2.2 Scintillation Probe Profile Evaluation. Cross sSections C-C' and D-D' through
the 216-Z-9 Trench are shown on Figures A-5 and A-6. Figure A-4 shows the :ross se:tion
leeaties ansph d responsetn the - As shown on
Figure A-5, elevated gamma response is observed at a depth of approximately 11 m (35 feet)
beneath ground surface in well 299-W15-86 which is located approximately 8 m (25 feet)
southwest of the trench. Monitoring well 299-W15-101, located on the east side of the
trench, exhibits elevated gamma response from ground surface to a depth of 6 m (20 feet).
A second interval of elevated gamma response in monitoring 299-W15-86 corresponds with
the top of the Early (Palouse horizon and may be natural.

Radionuclide migration below the Early "Palouse" and Plio-Pleistocene horizons are not
evident at the 216-Z-9 Trench.

A.1.4.3 216-Z-IA Tile Field- M# 216-Z-1 & 216-Z-2 Cribs

A.1.4.3.1 Waste Description. This section briefly summarizes information presented in
Tables 2-1 and 2-2, and Sections 2.3 and 4.1.

Source

216-Z-1A Tile Field - Overflow from the 216-Z-1, 216-Z-2, or 216-Z-3 Cribs, PFP process
wastes (234-5Z Building), PRF process waste (236-Z Building), and 242-Z process wastes.

216-Z-1 & 216-Z-2 Cribs - PRF (236-Z) and 242-Z process waste, 234-5Z laboratory
wastes.

216 2 3 Crib 231 5Zpooa aayiaanecoomnt wastes via 211 Z Sttling Tank.

Service Dates

216-Z-lA Tile Field - 1949 to 1959; 1964 to 1969.

216-Z-1 & 216-Z-2 Cribs - 1949 to 1952; 1964 to 1966; 1968 to 1969.

216 Z 2 Crib 1952 to 1959.

i"Ru
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I Fluid Volume Received (Liters)
2
3 216-Z-1A Tile Field - 5,210,000
4
5 216-Z-1 & 216-Z-2 Cribs - 33,700,000
6
7 216 Z 3 Crib 173,000,000
8
9 Quantity of Radionuclides Disposed of in Unit (Curies)

10

11
12
13

14
15

16
17

1s

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

A-12

Waste Total Mu 137Cs Ru Sr "Co "9Pu 2"Pu
Management Pu in
Unit gm

216-Z-1A Tile 57,000 0.16 5.2 x 10-6 0.15 137 37
Field

216-Z-1 & 7,000 0.027 0.04 1.6 x 10" 0.37 0.0171 2,680 992
216-Z-2 Cribs (0.165) (0.0159)

216-z,--&ib g3?00 _4-3-~- .4 6Q-x-O 09g

A.1.4.3.2 Scintillation Probe Profile Evaluation. 216-Z-1A Tile Field - Cross s&§ctions
E-E' and F-F' through the 216-Z-1A Tile Field are shown on Figures A-8 and A-9. Figure
A-7 shows the cross scotion location 4isopach o ma

-A 4TiFid. As shown on Figure A-8, elevated gamma response is observed just
beneath the base of the tile field in monitoring wells 299-Wi8-150, 299-W18-170, and
299-W18-159. Monitoring wells 299-W18-159 and 299-W18-167 exhibit secondary intervals
of elevated gamma response immediately above the contact between the upper coarse-grained
Pasco gravels member and lower fine-grained sleek-water si$Cdo"nte sequence of the
Hanford formation and within. he bottf the fine-grained basal unit of the Hanford
formation. Only minor gamma response peaks which could be associated with the natural
response of thin fine-grained horizons are observed in peripheral wells 299-W18-6,
299-Wl8-7, 299-W18-171, and 299-WI8-172.

Radionuclide migration to the top of the Early "Palouse" soil horizon beneath the
216-Z-1A Tile Field appears likely. The lateral extent of radionuclide migration appears to
be limited to the edges of the tile field.

216-Z-1 and 216-Z-2 Cribs - Monitoring wells 299-W18-65 and 299-W18-61 (not
shown) exhibit elevated gamma response from approximately 3 m (10 feet) to 15 m (45 feet)
below the base of the cribs (Figure A-7). Both wells also exhibit secondary intervals of
elevated gamma response near the top of the fine-grained basal unit of the Hanford
formation. Elevated gamma response is also evident beneath the cribs with the Early
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1 Palouse, and Plio-Pleistocene horizons. Whether the elevated gamma response is natural or
2 due to the retention of radionuclides in these fine-grained horizons is difficult to determine.
3
4 Radionuclide migration to within 8 m (25 feet) of the top of the Early "Palouse" soil
5 horizon appears evident. Only natural gamma response is observed in monitoring well
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Figure A-2. Scintillation Probe Profile
Cross Section A-A'
of the 216-Z-18 Crib.
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Figure A-12. Scintillation Probe Profile
Cross Section H-H'
of the 216-Z-7 Crib.
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Figure A-15. Scintillation Probe Profile
Cross Section J-J'
of the 216-Z-12 Crib.
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 1 of 5)

Well Sediment Types Sample Depth in Meters (Feet) j %H-20

299-W7-8
Barton et

(Source:
al. 1990)

HC

Pp

E

0.6 (2)
1.2 (4)
1.8 (6)

2.7 (8.9)
3.5 (11.5)
4.3 (14)
4.9 (16)

6.3 (20.5)
7.2 (23.5)
7.8 (25.5)
8.5 (28)

9.3 (30.5)
9.9 (32.5)
10.7 (35)
11.3 (37)
11.9 (39)
12.5 (41)
13.4 (44)
14.0 (46)
14.6 (48)
15.3 (50)
16.2 (53)
16.8 (55)
17.4 (57)
18.0 (59)
18.9 (62)
19.5 (64)
20.1 (66)
20.7 (68)
21.4 (70)
22.3 (73)
23.8 (78)
29.0 (95)
30.5 (100)
32.0 (105)
33.6 (110)
35.1 (115)
36.6 (120)
38.1 (125)
39.7 (130)
41.2 (135)

AT-la

3.13
2.43
1.98
2.02
2.18
4.36
3.03
3.09
5.15
5.75
5.64
11.70
7.40
4.86
13.40
13.40
18.02
4.34
5.30
6.28
6.40
5.45
4.27
9.95
19.19
5.84
5.84
5.17
4.85
5.65
3.82
3.00
1.41
0.87
1.37
1.26
1.27
3.26
1.21
1.39
1.12
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 2 of 5)

Well Sediment Types Sample Depth in Meters (Feet) %H20

299-W7-8 (Source: 1.5 (5) 5.69
Goodwin and 3.1 (10) 2.74
Bjornstad 1990) 4.6 (15) 5.47

6.1 (20) 3.97
HC 7.6 (25) 5.15

9.2 (30) 4.22
10.7 (35) 4.86
12.2 (40) 2.94

299-W7-9 (Source: 1.2 (4) 1.79
Barton et al. 1990) 1.8-2.4 (6-8) 1.85

3.7 (12) 2.29
4.6 (15) 2.68
6.1 (20) 2.24
7.6 (25) 2.72
9.2 (30) 2.91
10.7 (35) 3.48
13.7 (45) 4.59
15.3 (50) 4.45

HC 16.8 (55) 4.29
18.3 (60) 4.51

EP 19.8 (65) 5.27
21.7 (71) 3.20
22.3 (73) 3.21

PP 24.4 (80) 6.59
26.2 (86) 3.70
27.5 (90) 3.77
28.8 (94) 5.27

UR 31.1 (102) 3.18
32.3 (106) 2.96
33.6 (110) 2.16
34.8 (114) 1.73
36.6 (120) 1.72

299-W7-7 (Source: E 16.8 (55) 3.47
Barton et al. 1990) 18.3 (60) 4.06

19.8 (65) 4.45

AT-lb
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 3 of 5)

Well Sediment Types Sample Depth in Meters (Feet) %H20
299-W15-21 (Source: 1.2 (4) 10.34
Barton et al. 1990) 1.8 (6) 22.84

4.6 (15) 2.73
5.8 (19) 3.22
7.6 (25) 3.27
8.8 (29) 4.41

9.9 (32.5) 19.59
10.5 (34.5) 3.77
11.6 (38) 3.91
13.4 (44) 3.24
14.6 (48) 2.91
15.9 (52) 3.07
17.1 (56) 2.19
18.3 (60) 1.91
19.8 (65) 2.29

HC 30.5 (100) 4.07
32.3 (106) 9.28
33.6 (110) 7.60
35.4 (116) 4.93
37.8 (124) 15.71

38.9 (127.5) 6.81
? 40.3 (132) 2.57

EP 42.1 (138) 3.29
42.7 (140) 3.40
45.1 (148) 13.36
46.4 (152) 10.19
47.9 (157) 11.42

299-W15-21 (Source: HC? 4.6 (15) 3.69
Goodwin and 6.1 (20) 3.83
Bjornstad 1990) 7.6 (25) 6.78

9.2 (30) 14.69
10.7 (35) 3.76
12.2 (40) 6.88
13.7 (45) 9.63

AT-Ic
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 4 of 5)

Well Sediment Types Sample Depth in Meters (Feet) %H 20

299-W18-26 (Source: 10.7 (35) 3.72
Barton et al. 1990) 12.2 (40) 3.96

13.7 (45) 3.40
15.3 (50) 2.66

HC 16.8 (55) 3.19
35.1 (115) 7.37
36.6 (120) 3.41
38.1 (125) 2.39
39.7 (130) 2.18
41.2 (135) 2.06
42.7 (140) 2.54

HF 44.2 (145) 5.91
EP 45.8 (150) 6.68

47.3 (155) 12.73

299-W15-20 (Source: 1.5 (5) 3.19
Goodwin and 3.1 (10) 6.06
Bjomstad 1990) 4.6 (15) 7.25

6.1 (20) 12.11
7.6 (25) 3.19
9.2 (30) 5.09
10.7 (35) 3.57
12.2 (40) 2.92
13.7 (45) 4.39
15.3 (50) 17.96
16.8 (55) 3.11

HC 18.3 (60) 3.50

IF 25.9 (85) 7.55
27.5 (90) 3.12
29.0 (95) 3.03

30.5 (100) 3.19
32.0 (105) 3.60
33.6 (110) 9.08
35.1 (115) 4.22
36.6 (120) 3.24
38.1 (125) 3.18
39.7 (130) 3.51

AT-id
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Table A-1. Moisture Contents of Soil Samples from Z Plant Wells. (Sheet 5 of 5)

Well Sediment Types Sample Depth in Meters (Feet) %H20

299-W15-19 (Source: 6.1 (20) 2.73
Goodwin and 7.6 (25) 2.53
Bjornstad 1990) 9.2 (30) 3.40

10.7 (35) 8.28
12.2 (40) 3.09
15.3 (50) 2.27
16.8 (55) 2.34
18.3 (60) 2.63

HC 21.4 (70) 5.29
35.1 (115) 2.74
36.6 (120) 2.77
38.1 (125) 3.63
39.7 (130) 8.19
40.6 (133) 6.77
41.2 (135) 9.60

299-W15-23 (Source: 1.5 (5) 5.69
Goodwin and 3.1 (10) 2.74
Bjornstad 1990) 4.6 (15) 5.47

6.1 (20) 3.97
7.6 (25) 5.15
9.2 (30) 4.22
10.7 (35) 4.86

HC 12.2 (40) 2.94
30.5 (100) 3.80

HF 32.0 (105) 3.40
33.6 (110) 4.23
35.1 (115) 4.36
36.6 (120) 4.43
38.1 (125) 5.43

299-W15-24 (Source: HC? 15.3 (50) 3.49
Goodwin and 16.8 (55) 2.02
Bjornstad 1990)

299-W7-10 (Source: HC 1.5 (5) 3.42
Goodwin and 3.1 (10) 2.46
Bjornstad 1990)

Notes:
Moisture contents in weight percent H20. See Figure 3-15 for key to sediment units.
Sediment contact depths for wells W7-9, W7-10, W15-20, W15-23, and W18-26 taken from Lindsey et al.
(1992) (solid line contacts).
Sediment contact depths for wells W7-7, W7-8, and W15-19 taken from Appendix C6, ERA proposal for
200 West Carbon Tetrachloride Plume (DOE/RL 1991b) (solid line contacts).
Sediment contact depths for wells W15-21 and 15-24 interpreted from well log information from Barton
et al. (1990) and Goodwin and Bjornstad (1990) (dashed line contacts and question marks).

AT-le
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Table A-2. Calcium Carbonate Contents of Soil Samples from
Z Plant Aggregate Area Wells. (Sheet 1 of 4)

Well Sediment Type [ Sample Depth in Meters (Feet) %CaCO

299-W7-08 (Source:
Goodwin and
Bjornstad 1990)

HC
PP

E

1.2 (4)
2.7 (9)
4.3 (14)
6.4 (21)
8 (26)

9.5 (31)
10.7 (35)
11.9 (39)
13.4 (44)
14.6 (48)
16.2 (53)
17.4 (57)
19 (62)

20.1 (66)
21.3 (70)
22.9 (75)
23.8 (78)
25.9 (85)
27.4 (90)
29.0 (95)

30.5 (100)
32.0 (105)
33.5 (110)
35.0 (115)
36.6 (120)
38.1 (125)
39.6 (130)
41.2 (135)
42.7 (140)
44.2 (145)
45.7 (150)
47.2 (155)
48.8 (160)
50.3 (165)
51.8 (170)
53.3 (175)
54.9 (180)
56.4 (185)
57.9 (190)
59.4 (195)
61.0 (200)
62.5 (205)
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Draft B

Table A-2. Calcium Carbonate Contents of Soil Samples from
Z Plant Aggregate Area Wells. (Sheet 2 of 4)

Well Sediment Type Sample Depth in Meters (Feet) %CaCO

64.0 (210) 0.2
65.5 (215) 0.2

E 67.1 (220) 0.2
68.6 (225) 0.2
70.1 (230) 0.2
71.6 (235) 0.2
73.2 (240) 1.1
74.1 (243) 0.5

299-W-7-9 (Source:.
Goodwin and
Bjornstad 1990)

HC
EP

Pp

UR

E

1.2 (4)
2.1 (7)

3.7 (12)
4.6 (15)
6.1 (20)
7.6 (25)
9.1 (30)
10.7 (35)
12.2 (40)
13.7 (45)
15.2 (50)
16.8 (55)
18.3 (60)
19.8 (65)
21.0 (69)
22.9 (75)
24.4 (80)
26.2 (86)
27.4 (90)
29.3 (96)
31.1 (102)
32.3 (106)
33.5 (110)
34.7 (114)
36.6 (120)
37.8 (124)
39.6 (130)
40.8 (134)
42.1 (138)
43.3 (142)
44.2 (145)
45.7 (150)
47.2 (155)
48.8 (160)

I _________________
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DOE/RL-91-58
Draft B

Table A-2. Calcium Carbonate Contents of Soil Samples from
Z Plant Aggregate Area Wells. (Sheet 3 of 4)

Well Sediment Type Sample Depth in Meters (Feet) J_%CaCO

50.3 (165) 0.4
51.8 (170) 0.2
53.3 (175) 0.0
54.9 (180) 0.1

E 56.4 (185) 0.3
57.9 (190) 0.2
59.4 (195) 0.3
61.0 (200) 0.2
62.5 (205) 3.0
64.0 (210) 0.8

299-W1S-21 (Source:
Barton et al. 1990)

? HC
HF

E?

1.2 (4)
2.4 (8)
4.6 (15)
5.8 (19)
7.6 (25)
8.8 (29)
10.7 (35)
12.2 (40)
13.4 (44)
14.6 (48)
15.8 (52)
17.1 (56)
18.3 (60)
21.3 (70)
22.9 (75)
24.4 (80)
25.9 (85)
27.4 (90)
29.0 (95)

30.5 (100)
32.3 (106)
33.5 (110)
35.4 (116)
36.6 (120)
37.8 (124)
39.0 (128)
40.2 (132)
40.8 (134)
42.7 (140)
43.9 (144)
45.1 (148)
46.3 (152)

4.4
0.7

31.6
2.4
1.0

N/A
1.0
1.0
1.4
1.0
1.6
1.1
1.5
1.6
1.0
0.7
0.6
0.7
0.7
1.9
2.6
19.4
1.1
2.0
5.9
1.6
2.0
2.0
1.6
2.1
2.3
2.9
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Table A-2. Calcium Carbonate Contents of Soil Samples from
Z Plant Aggregate Area Wells. (Sheet 4 of 4)

Sample Depth in Meters (Feet) %CaCO

PP

PP
PP

UR

E

47.9
50.3
51.5
53.3
54.9
56.4
57.9
59.4
61.0
62.5
64.0
65.5
65.5

(157)
(165)
(169)
(175)
(180)
(185)
(190)
(195)
(200)
(205)
(210)
(215)
(215)

42.8
6.1
21.6
16.8
4.8
2.2
0.7
0.3
0.5
0.2
0.2
0.2

Notes:
Calcium carbonate contents in weight percent. See Figure 3-15 for key to sediment units.
Sediment contact depths for well W-79 were taken from Lindsey et al. (1991).
Sediment contact depths for well W7-8 were taken from Appendix C6, ERA Proposal for 200 West
Carbon Tetrachloride Plume (DOE/RL 1991b).
Sediment contact depths for well W15-21 were interpreted from well log information from Barton et al.
(1990) and Goodwin and Bjornstad (1990).

TABLEA-2

AT-2d
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Table A-3. Air Sampling Results. (Sheet 1 of 4)

S

1985 1986 1987 1988 1989

Radionuclide in pCi/m3  Result Error Result Error Result Error Result Error Result Error Average

Sample N165:
E-SE of Main Z Plant
Building Complex

Strontium-90 max 8.69E-03 --- 2.68E-03 - - 7.34E-05 -.- ... 1.702-04 9.922-05 -
min 4.46E- -- 9.57E-05 - - -1.88E-05 ---- Q. .. --
avg g MI@I 3E4 Z - 3.53E-05 9.15E-0S 5.502-OS 1.02 6 795 6.55E-04

Cesium-137 max 7.31E-04 -- 6.43E-04 -- 1.10E-03 - - E 4.46E-04 4.12-04 --
min -3.04E-04 -- -6.22E5 -- -2.89E-04 - - 4W 47 -1.09E-04 4.03E-04 --
avg . i. ". - 3A5E-04 1.39E-03 (8'%-4 4%E4 137E-04

Plutonium-239 max 1.18E-04 - - 4.82E-04 - - 3.41E-04 - - 9.00E-04 - - 2.84E-04 3.82E-05 -
min 7.91E-05 -- 3.65E-05 -- 6.49E-05 - - 1.6E-04 -- 1.09E-05 4.91E-06 --
avg 9.50E-05 3.29E-05 N " 1f- 4 . 4.20E-04 -- 1.64E-04 2.472-05 2.37E-04

Uranium max 1.94E-04 --- 8.73E-05 -- 3.20E-05 -- -- -- 3.82E-05 1.81E-05 --
(total) min 5.27E-05 - - 3.94E-05 - - 9.05E-06 - - - - - -

avg 1.25E-04 1.18E-05 6.07E-05 4.92E-05 E -- --- 3E 5.43E-05

0

w'

00

U.)
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Table A-3. Air Sampling Results. (Sheet 2 of 4)

Radionuclide in pCi/mn Result 1985 Error Result 1986 Error

Sample N962;
SE Corner W-4B

S CI 90

Stront um

Cesium-137

Plutonium-239

max
min
avg

max
min
avg

max
min
avg

Uranium max
(total) min

avg

1.91E-02
1.78E-04
5.012-03

7.04E-04
-1.10E-04

am@

4.87E-03

1.29E-05 --
0.00E+00 --

1.24E-04 --

3.57E-05 - -

7 8.45E-05

5.36EM3
1.59E-04

2.48E-05
1.09E-05

2.48E-05
1.09E-05
1.67E-05

6.32E-05
2.96E-05
4.89E-05
4.8 92-05

1.18E-05

2.81E-05

1987

Result Error

1.06E-02
-1.82E-04

1.002-03
4.58E-04
7.33E-04 5.05E-04

1.24E-04
3.02E-05 --

5.40E-05 --

1.57E-05 - -

Ni bi

1988 1989

E Rs Average

Result Err jResult Error jResult-

4.60E-04
2.202-04
3.10E-04

8.20E-04
3.40E-04

1.80E-04
1.20E-04
1.00E-04

7.20E-04

.44

6.07E-04

3.45E-03

1.23E-03

2.34E-04

1.09E-03

8.28E-04

2.25E-03

5.95E-04

1.70E-05 -- 1.19E-04 2.092-05 --
8.10E-06 -- 7.34E-06 5.06E-06 --
2.40E-05 - - 4.832-05 1.08E-05 3.28E-05

--- --- 8.50E-05 3.35E-05 -

-3- -2- .20 4.73-0_
- - - - 3.66E-05 2.72E-05 4.732-05

0

I7~
(A
a- U

w

0
0

'0
P0
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Table A-3. Air Sampling Results. (Sheet 3 of 4)

1985 1986 1987 1988 1989

Resut Eror esut Eror esul ReultAverageRadionuclide in pCi/ms Result Error Result Error Result Error Result Error Reult

Sample N964:
W of WAB

Strontium-90 max 1.24E-02 --- 3.80E-04 -- 1.77E-04 -- 1.60E-04 9.70E-05 1.83E-04 1.21E-04 --
min 7.42E-02 -- 1.14E-04 -- 1.06E-05 -- --
avg ffl . Z 2 2.34E-04 2.19E-04 E . 8.40E-05 660E-05 - E 7.45E-04

Cesium-137 max 2.65E-04 -- 9.33E-04 -- 5.88E-04 -- L7E.04 . 4.1 E-t4 5.S-4 --
min -2.11E-04 -- -6.102-04 -- 0.00E+00 -- .A.:d-0 44E)4 . E 6:5a.4 --

avg ,,2E. ;.40EM4 7.80E-05

Plutonium-239 max 2.11E-05 -- 1.28E-04 -- 1.08E-04 -- 1.80E-05 - - 3.65E-06 2.85E-06 - -
min 2.48E-06 - - 2.17E-06 - - 4.95E-06 - - -5.70E-07 - - 1.61E-05 6.03E-06 -
avg L20E-I L7f: . L24E44 4.10E-05 f4 6.20E-06 - - 7.75E-06 4.06E-06 2.04E-05 \-

Uranium max 1.20E-04 - - 4.50E-05 - - 3.60E-05 - - - - - - 5.38E-05 2.33E-05 - -

(total) min 2.25E-05 -- 2.30E-05 -- 1.02E-05 -0- -0- -- 4 p g -..

avg F# ;M &(MQ4 3.56E-05 1.90E-05 2.35E-05 2.22E-05 - - - - 2.79E-05 2.13E-05 3.66E-05

U)
C



S

1985

Radionuclide in pCi/9m J Result Error

Sample N994:
Old Corner 200 West

Strontium-90

Cesium-137

Plutonium-239

Uranium
(total)

max
mm
avg

max
mm
avg

max
mm
avg

max
min
avg

*1 *

1986

Result

1987

Error I Result Error

1988

Result Error
Result Error Result ErrorI I a __________________________ ____________

1989

1.51E-04
2.05E-05

3.31E-03
-1.40E-04

9.12E-06
2.62E-06

Mw #

1.05E-04
2.91E-05

8.61E-05
-7.60E-06

5.52E-05
-6.29E-04

5.31E-06
2.17E-07

. -

2.04E-05
8.65E-06

-a--

,_________________ I_ I....

Notes:
- - indicates radionuclide not analyzed, or results not reported.
Shaded entry indicates result less than error.
Negative values indicate concentration at or near background levels for radioactivity
(Ref: 1988 and 1989 data).
Sample error data not available for 1985 through 1987.

Data Sources:
Elder et al. 1986, 1987, 1988, and 1989; Schmidt et al. 1990 and 1992.

2.30E-04

6.10E-04

3.10E-04

2.60E-06
-5.60E-07
7.00E-07

1.20E-04

5.70E-04

2.10E-04

3.OOE-04

5.36E05

-2I 744

1.29E-04

2.92E04-

2.91E-05

1MB 05 2.3 lE-OS

297WTA)LE.A-3

Table A-3. Air Sampling Results. (Sheet 4 of 4)

Average

73
U)
0.

6.26E-05

1.70E-04

2.10E-06

U

w

0

'0

00

1.57E-05 1.00E-05
2.31E-05

am
|

--

Result Error
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Table A-4. Results of Grid Soil Sampling. (Sheet 1 of 6)

1985 1986 (1) 1987 1988 1989
Radionuclide Average
in pCi/g Result Error Result Error Result Error Result Error Result (1) Error Result

Sample 2W2

Cerium-141 -- --
Cerium-144 - -- -
Cobalt-58 -- -

Cobalt-60 -- -- -- -- - -- -- -4.60E-03
Cesium-134 ---

Cesium-137 -- -- -- -- -- -- 640E+00 6.5OE-01 -- -- 6.40E+00
Europium-152 -- -- -- -- -- -- ---- -- 5.90E-02
Europium-154 - - - - - - - - - - - - - - - - -2.30E-02
Europium-155 -- -- -- -- -- - --- -- 5.50E-02
Iodine-129 -- -- -- - __ __
Potassium-40 -- -- -- -- -

Manganese-54 -- -- -- -- -- - -- -- 30E-02
Niobium-95 -- -- -- -- -- -- 3.20E-02 1.80E-02 -- -- 3.20E-02
Lead-212 -- -- ---- -- -- _ - - - _- __ __
Lead-214 -- -- -- -- -- -- 6.OOE-01 8.80E-02 -- -- 600E-01
Plutonium-238 - - - - - - - - - - - 1.70E-03 4.10E-04 - - - - 1.70E-03
Plutonium-239 -- -- -- -- -- -- 7.90E-01 7.00E-02 -- -- 7.90E-01
Ruthenium-106 -- -- -- -- -- --- -- -- 6.10E-02
Strontium-90 -- -- -- -- -- -- 9.'Et2 t:7B4 -- -- 9.10E-01
Technetium-99-- -- -- -- _. _
Uranium -- -- -- -- -- -- 3.GOE-01 9.20E-02 -- -- 3.OOE-01
Zinc-65 -- -- -- - __
Zirconium-95 - - - - - - - - - - - - 3.70E-03 2.60E-02 - - - - 3.70E-03

0
A)

0z
0

00
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Table A-4. Results of Grid Soil Sampling. (Sheet 2 of 6)

1985 1986 (1) 1987 1988 1989Radionuclide 
Aveagin pCi/g Result Error Result Error Result Error Result Error Result (1) Error Result

Sample 2W3

Cerium-141
Cerium-144
Cobalt-58 1.30E-01 8.OE-02 ._ _ _ _ ___ 1.30E-O1Cobalt-60 a --- - - _. _ -- - 1.50E-03Cesium-134 a --- 5.OOE02 3.OOE-02 --- -.- -- -- -- -- 5.OOE-02Cesium-137 3.05E+00 3.COE-01 8.70E-01 1.1OE-01 -- -- 1.30E+00 I40E-01 -- --- 1.74E+00Europium-152 a - -- .._ - -- 9.80E-02 8.10E-02 -- -- 9.80E-02Europium-154 a f- I- .- ..... &- AM 1.80E-02Europium-155 a 260E-02Iodine-129
Potassium-40
Manganese-54 a 

- -- 1.70E-02Niobium-95 a - -- -2-- 3.90E-03Lead-212 
-- - -- -- --- --- W

Lead-214 - - - - _ _ . - - - - - 6.20E-01 8.50E-02 - - - - 6.20E-01Plutonium-238 1.60E-03 6.OOE-04 6.OOE-04 4.OOE-04 - - - - 1.OOE-03 3.1OE-04 - - - - 1.07E-03Plutonium-239 1.70E-01 2.OOE-02 4.OOE-02 1.OOE-02 --- -- 3.30E-01 6.40E-02 --- --- 1.80E-01Ruthenium-106 a - -..- _ -- taE'tN 1 -- -- 3.30E-01Strontium-90 1.05E+00 1.90E-01 2.50E-01 5.OOE-02 - - - - - - - - - -- 6.50E-01
Techneiium-99 -- - ---- _ _ _
Uranium 3.40E-01 1.1OE-1 4.60E-01 1.SOE-01 -- -- 2.50E-01 8.OOE-02 -- --- 3.50E-01
Zinc-65 4.40E-01 1.50E-01 -- -- _. ._ -- -- -- --- 4.40E-01Zirconium-95 a -- -- -_ -- -- -- -- 2.00E-02

'73
a-

0
0
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Table A-4. Results of Grid Soil Sampling. (Sheet 3 of 6)

1985 1986 (1) 1987 1988 1989
Radionuclide Average
in pCi/g Result Error Result Error Result Error Result Error Result (1) Error Result

Sample 2W7

Cerium-141 -- -- -- -- -- -- -- -- . 7 -5.63E-02
Cerium-144 -- -- -- -- -- -- -- -- 2 Lo -2.48-02
Cobalt-58 a -- -- -- -- -- -- -- 2 -6.82E-03
Cobalt-60 a -- -- -- -- -- L504O . 4E02 7.59E-03
Cesium-134 a -- 5.00E-02 3.00E02 -- -- -- --- 496E-02 1.86E-02 4.98E-02
Cesium-137 9.85E+00 7.00E-01 4.50E+00 4.80E-01 -- -- 2.40E+00 2.60E-01 1.27E+00 1.392-01 4.51E+00
Europium-152 a --- -- -- -- -- 7.2 2 1.18E-01 7.59E-02 7.55E-02
Europium-154 a --- -- -- -- -- 2 E 61J 02 -2.90E402
Europium-155 a -- -- -- -- -- 5.4' 1j 4 2 3.31E-02
Iodine-129 -- -- -- -- -- -- -- -- L5iB02 3:-fl -1.58E-02
Potassium-40 -- -- -- -- -- -- -- -- 1.59E+01 1.76E+00 1.59E+01
Manganese-54 6.00E-02 4.002-02 -- -- - - - - 172Vo3 4 $.OZ 2.07&02
Niobium-95 a -- -- -- -- -- - 7 - 5.93U2 4.88E-02
Lead-212 -- -- -- -- -- -- -- -- 7.102-01 8.292-02 7.102-01
Lead-214 - - - - - - - - - - - - 5.40E-01 7.602-02 5.32E-01 7.66E-02 5.36&01
Plutonium-238 2.902-03 7.002-04 9.102-03 2.90E-03 --- -- .20E-03 3.40E-04 4.50E-04 2.002-04 3.412-03
Plutonium-239 7.00E-02 L00E02 1.00-01 2.00E02 --- -- 4.402-02 4.702-03 1.13E-02 1.45E-03 5.63E-02
Ruthenium-106 a -- 4.002-01 2.70E-01 --- -- WWC2 1331 7l2Q0 5 1.44E-01
Strontium-90 9.50E-01 1.80E-01 4.30E-01 8.00E02 --- --- 2.102-01 4.20E-02 1.642-01 3.422-02 4.392-01
Technetium-99 -- -- -- -- -- -- -- -- 1.27-01
Uranium 2.60E-01 9.002-02 3.80E-01 1.30E-01 -- -- 2.50E-01 7.90-02 3.77E-01 1.142-01 3.17E-01
Zine-65 a -- -- -- -- -- -.- -- - -1.042-01
Zirconium-95 a - - - - - - - - - - 2 2 . 4.83t0 -1.672-03

tu

0

00

A
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Table A-4. Results of Grid Soil Sampling. (Sheet 4 of 6)

1985
Radionuclide
in pCi/g Result Error

Sample 2W17

Cerium-141
Cerium-1
Cobalt-58
Cobalt-60
Cesium-134
Cesiurn-137
Europium-152
Buropiuni-154
Europium-is4
Iodine-129
Potassium-40
Manganese-54
Niobium-95
Lead-212
Lead-214
Plutonium-238
Plutonium-239
Ruthenium-106
Strontium-90
Technetium-99
Uranium
Zinc-65
Zirconium -95

a --
a --
a - --

9.60BE-01 1.40E-01
1.80B-Ol 1.40E-O1l

a2.ODB-Ol 1.5DB-1

a - -
a

7.20E-03 1.30E-03
.40E-01 1.OOE-02

a --

4.50E-01 8.001-02

3.40E-01 1.1E-01
a -

1986 (1)

Result Error

5.0OE-02
5.001301

3.0E-03
9.00E-02

1.70E-01

2.80E-01

3.00E-02
8.00 -02

1.00-03
1.0E-02

4. 02-02

9.00E-02

1987

Result Error

240E-03 2.OE-02

5.20E-02 2.301-02
4.60E-01 6.10-02
1.30E-01 6.60E-02

6.10E-02 5.80E-02

6.20E-03 1.00E-03
1.1OE-01 1.20E-02
am R
1.60E-01 4.20E-02

3.10E-01 9.20E-02

U0&O 39040.

1988

Result Error

3.00E-01

4.8013-01
3.102-02
1002-01

1.40E-01

2.601-01

4.00-02

5.90Et2

6.60E-02

6.20E-04
1.102-02

2.70E.02

8.10E-02

1989
Error Average

Result (1) Error I Result

9.60E-03
3.00E-02

-6.65E-03
-8.33E-03
3.53E-02
5.401-01
9.44E-02
6.57&03
8.801-02

1.96E+01
1.36E+01
-2.69E-03
-5.95&02
8.09E-01
5.701-01
4.50E-03
1.15&01
6.471-02
2.09E-01

-7.71E-02
3.27E-01
-1.79E-03
1.17E-02

4.78-01 6.2-02

.38E-02 4.991-02

1.36E+-0 1.542+00

8.09E-01 9.32E-02
6.59E-01 8.69E-02
2.9SE-OS 6.45B-04
1.34E-01 1.40E-02

1.27E-01 2.73E-02

4.46E-01 .35E-01

4883 45&2

0

a

0

0

o



Table A-4. Results of Grid Soil Sampling. (Sheet 5 of 6)

0

1985 1986 (1) 1987 1988 1989
Radionuclide Average
in pCi/g Result Error Result Error Result Error Result Error Result (1) Error Result

Sample 2W22

Cerium-141 -
Cerium-144 --

Cobalt-58 a -- -

Cobalt-60 3.00E-02 2.OOE-02 - - - - - - - - - - - - 9.50E-03
Cesium-134 a -- %$ LOEU -- -- -- -- -- -- 3.OOE-02
Cesium-137 1.45E+00 1.60E-01 8.30E-01 1.OOE-01 -- -- 1.OOE+00 1.10E-01 -- -- 1.90E+00
Europium-152 2.00E-01 1.30E-01 - - - - - - - - 8.30E-02 7.60E-02 - - - - 1.42E-01
Europium-154 a -- -- -- -- -_ za sna 1 -- ---- 1.80E-02
Europium-155 a -- -- -- -- -- -- 4.50E-02
Iodine-129 - -- -- - .- -- _ ._ _ _
Potassium-40 -- - - - -_- _- _- _. __ -_ -
Manganese-54 a -- - - -- -- -- . E -- -- -2.4E-03
Niobium-95 a -- -- -- -- --- - -- -- -1.70E-02
Lead-212 - - -- -- - - - _ -_
Lead-214 - - - - - - - - - - - - 6.50E-01 8.60E-02 - - - - 6.50E-01
Plutonium-238 3.60E-03 9.00E-04 1.80E-03 6.00E-04 - - - - 2.40E-03 5.20E-04 - - - - 2.60E-03
Plutonium-239 7.00E-02 1.00E-02 + - - - - 7.20E-02 7.50E-03 - - - - 5.73E-02
Ruthenium-106 4.40E-01 3.10E-01 - - - - - - - - - - - - 2.29E-01
Strontium-90 9.40E-01 1.70E-01 5.00E-01 1.00E-01 -- -- 4.60E-01 8.70E-02 -- -- 6.33E-01
Technetium-99 -- -- - -
Uranium 3.10E-01 1.10E-01 3.90E-01 1.30E-01 -- --- 3.50E-01 1.10E-01 -- -- 3.50E-01
Zinc-65 a - -
Zirconium-95 a - - - - - - - - - - 3.40E-02 2.90E-02 - - - - 3.40E-02

0
-t

w

U
0
1-ri
V

00
3'
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Table A-4. Results of Grid Soil Sampling. (Sheet 6 of 6)

Radionuclide
in pCi/g

Sample 2WN

Cerium-141
Cerium-144
Cobalt-SB
Cobalt-60
Cesium-134
Cesium-137
Europium-152
Europium-154
Europium-155
Iodine-129
Potassium-40
Manganese-54
Niobium-95
Lead-212
Lead-214
Plutonium-238
Plutonium-239
Ruthenium-106
Strontium-90
Technetium-99
Uranium
Zinc-65

1985 1986 (1)

Result Error Result Error

a
a --
a ---

1.48E-01 5.20E-02
B --

a --
a -

-- -

a --

6.002-03 2.00-E03

1.09E-01 2.70E-02

2.99E-01 1.01E-01

a

a

a
Zirconium-95 a --

3.50E-02
1.56E-01

5.00E-03

5.80E-02

4.44-01

3.00-E02
3.90E-02

L00E-03

L70E-02

1.47E-01

1987

Result Error

1988

Result

2.73E0 27O&02 4Mre - -
t1E92 L40-0 - -

2.30E-02 1.90E-02
1.30E-01 2.70E02 1.30E-01

2.50E02 1.30E02

3.80E-03 8.40E-04 3.60E-03
ON L4 am
5.90E-02 1.70E-02 5.00E-02

E E+ 3.40F-01
-2.;60 3.62502 --

Error

2.70E-02

9.90E-04

1.20E-02

4.4-01

1989

Result (1) Error

2iY9o2

1.54E.01

1.4E+01

7.992-01
5.92E-01

5.2V 1

2.80E-02

1.602+00

298E-02
7.82E-02
a.8&2

Notes:
- - indicates radionuclide not analyzed, or results not reported.
Shaded entries indicate result less than error.
(a) designation indicates radionuclide concentration is less than detectable (reft 1985 data only).
(1) Sample 2W17b reported for 1986; sample 2w17 not reported.
Negative values indicates concentration at or near background levels for radioactivity.
No data reported for 1990.

Data Sources:
Elder et al. 1986, 1987, 1988, and 1989; Schmidt et al. 1990 and 1992

4~.
-n

Average

Result

3.63E-03
-3.37E-02
-1.03E-02
-3.55E-03
1.13E-03
144E-01
6.21E-02
4.87E-03
3.45E-02

1.44E+01
1.62E02

-7.52-02
7.99E-01
5.92E-01
6.40-05
4.60E-03

-8.83E.02
6.90E-02

3.82E-01
-3.62E-02
-7.67E-03

U

0

00
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Table A-5. 1990 Soil Samples from Z Plant near Building Complex.

Notes:
< indicates result below analytical detection limit.

Source: Schmidt et al. 1992.
Sample locations are identified on Plate 2.

AT-5

Sample No. Cesium-137 in pCi/g Plutonium in pCi/g

1 0.4 <0.3

2 <0.3 0.8

3 <0.2 <0.3

4 1.6 2.9

5 0.5 1.5

6 <0.3 <0.3

7 0.5 <0.3

8 0.4 <0.3

9 0.5 <0.3

10 <0.3 0.9

11 0.6 3.9

12 0.4 1.8

13 <0.3 0.7



0

Radionuclide 
1985

in pCi/g j Result Error

Sample 2W2

Cobalt-58
Cobalt-60
Cesium-134
Cesium-137
Europium-152
Europium-154
Europium-155
Iodine-129
Niobium-95
Plutonium-238
Plutonium-239
Ruthenium-103
Ruthenium-106
Strontium-90
Technetium-99
Zinc-65
Zirconium-95

-II
1986 (1)

Result Error

1987

Result Error

1.40E-01
..i E -l2w

1988

Result Error

3.OOE-02

B.4ow2

1989

Result (1s Error Reul

92 I '3 R f] 3 

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 1 of 5)

A

a'
0

Average

-5.20E-03

1,40E-01
1.60E-02
3.50E-02
1.90E-02

-5.40E-02

t ______

w

U
0

(A

00

- -
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1985 1986 (1) 1987 1988 1989
Radionuclide jAverage
in pCi/g Result Error Result Error Result Error Result Error Result (1) Error Result

Sample 2W3

Cobalt-58 a -
Cobalt-60 a - - - - - a mc3O79$ - - 5.30E-03
Cesium-134 a - 9.60E-02 2.60E-02 - - - - - - 9.60E-02
Cesium-137 2.10E-01 3.10E-02 - - 1.90E-01 2.80E-02 - - 1.84E-01
Europium-152 a - - - - - - - 2.30E-02
Europium-154 a - - - - - 1.20E-01 4.20E-02 - - 1.20E-01
Europium-155 a - - - - - - - 4.70E-04
Iodine-129
Niobium-95 a - - - - - $45 - -3.60E-02
Plutonium-238 a -
Plutonium-239 a
Ruthenium-103 - 1.19E-01 4.40E-02 - - - - - - 1.19E-01
Ruthenium-106 - - --

Strontium-90 a -
Technetium-99 - - -

Zinc-65 a -
Zirconium-95 a

9 T 1 G2 J.t@t3 1 4 3 5

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 2 of 5)
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0

Radionuclide
in pCi/g

Sample 2W7

Beryllium-7
Cerium-141
Cobalt-58
Cobalt-60
Cesium-134
Cesium-137
Europium-152
Europium-154
Europium-155
Iodine-129
Niobium-95
Plutonium-238
Plutonium-239
Ruthenium-106
Ruthenium-106
Strontium-90
Technetium-99
Zinc-65
Zireouium-95
TC-99
Zn-65
Zr-95

1985

Result
Error Result(I Error ResultEro

1986 (1) 1987

Result -Error

I I_ _ _

1988 1989

a
a
a

a
a
a

E -
2.96E-01 1.06E-O1

a

1.12E-01
3.04E-01

1.33E-01

1.70E-01
2.88E-01

3.20E-02
4.50E-02

7.70E-02

6.50E-02
1.66E-01

6.OOE-02 5.70E-02

1.20E-01

*0I.x E02

2.70E-02

7;76-o.

1.19E+00

8.18E-01

1.56E+Oi

4.10E-01
3.23E-01
1.04E-03
4.68E-03

1.91E-01
1.43E+00

2.22E-01

9.07E-02

7f30E.2

3.05E411.70E+00

t.92E-.25.13E-02
5.27E-02
4.40E-04
9.89E-04

4.04E-02
1.26E+00

9 ab 1 G2 s 2* Ws 6 ( 3 of 5)

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 3 of 5)

0

4'

1.19E+00
-1.56E-02

8.02E-03
112E-01
3.85E-01
2.72E-02
2.10E-02
1.04E-02

-1.84E-02
L56E+00
-4.90E-03
4.10E-01
3.23E-01
1.04E-03
4.68E-03
1.70E-01
2.88E-01
1.91E-01

1.43E+00
0.00E+00
2.88E-02

0
t
0

00

AverageError Result Error Result Error

_

-
-- -



0

1985 1986 (1) 1987 1988 1989
Radionuclide Average
in pCi/g Result Error Result Error Result Error Result Error Result (1) Error Result

Sample 2W17

Beryllium-7 - - - - - - - - 2.13E+00 3.07E-01 2.13E+00
Cerium-141 - - - - - - - - E -6.42E-03
Cobalt-58 a - - - -
Cobalt-60 a - - - 1.70E-01 1.60E-01 L4 a 5.52E-02
Cesium-134 a - - -- - - - -
Cesium-137 a - 1.98E-01 5.90E-02 1.10E-01 2.30E-02 3.20E-02 1.50E-02 5.50E-02 1.61E-02 9.88E-02
Europium-152 1.22E-01 1.002-01 O.7ME-r1 -540-0 7 E2 -68EW 5,tE0 E E 6.24E-02
Europium-154 a - - - N"5'02 61B42 . -1.04-02
Europium-155 a - -. -. - -- 4 .3.2E-2 2 E- 2.9 1.47E-02
Iodine-129 - - - - - - L.6&I 3.5OE-gt -38E-O2 S.08E-I 6.07E-02
Niobium-95 - - - - - - - - 1.30E+01 1.45E+00 1.30E+01
Plutonium-238 1.21E-01 6.40E-02 - - .!MQA 4*: .40E-02 -20,E Z - 1.07E-02
Plutonium-239 - - - - - - - - 5.94E-02 4.46E-02 5.94E-02
Ruthenium-103 - - - 7.172-02 3.22E-02 7.17E-02
Ruthenium-106 a - - - - - - - 8.07E-04 3.53E-04 8.07E-04
Strontium-90 a - - - - - - - 2.39E-02 3.16E-03 2.39E-02
Technetium-99 - - 8.30E-02 5.10E-02 - - - - - - 8.30E-02
Zinc-65 - - - -

Zirconium-95 a - 1.46E-01 4.20E-02 - - 4.50E-02 1.10E02 3.08E-01 6.17E-02 1.66E-01
Tc-99 - - - t34A L8t.+0t 1.472+00 1.26E+00 1.39E+00
Zn-65 - - - - --

Zr-95 9.80E-02 8.40E-02 6.80E-02 6.20E-02 - - 2 T 3.38E-02

U

9 2 1 2 gei R2 West 7

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 4 of 5)
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Radionuclide
in pCi/g

Sample 2W22

Cobalt-58
Cobalt-60
Cesium-134
Cesium-137
Europium-152
Europium-154
Europium-155
Iodine-129
Niobium-95
Plutonium-238
Plutonium-239
Ruthenium-103
Ruthenium-106
Strontium-90
Technetium-99
Zinc-65
Zirconium-95

1985 f 1986 (1) 1987

Result Error J Result Error Result Error

1.77E-01
2.57E-01

1.69E-01

3.70E-02
4.70E-02

6.OOE-02

1988 1989

Result Error Result (1) Error

I
1IOE-0l

- z2

.3 3

a:002

260E-02
7E

3-E1 11-,-
M70 O2

1.90E-01 3.70E-02 - -

Notes:
- indicates radionuclide not analyzed, or results not reported.
(a) designation indicates radionuclide concentration is less than detectable (ref: 1985 data only).
Results for 1986 reference sample 2W17b; 1986 listing for 2W17 not given.
Shaded entries indicate result less than error.

(1) Sample 2W17b reported for 1986; sample 2W17 not reported.
No data reported for 1990.
Negative values indicate concentration at or near background levels for radioactivity (refer to 1988 and 1989 data).Data Sources:
Barton et al. 1990 and Goodwind and Bjornstad 1990.

9 2 I t e$ isn 1 4 A 3

Table A-6. Grid Site Vegetation Results for 200 West Area. (Sheet 5 of 5)

0

p.

C'
a

Average

Result

6.40E-03
1.77E-01
1.84E-01

-2.70E-02
7.10E-03
3.70E-02

5.50E-02

1.69E-01

1.90E-01

0

\0

00

-
__

--

- -
--

--
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Well 299-W7-9

Depth in Meters (Feet)

Chemical 12.2 (40) 31.1 (102) 56.1 (184) 67.1 (220) 73.2 (240)

Nitrate in mg/kg 3.7 6.1 < 1 < 1 < 1

Sulfate in mg/kg 5.1 3.2 11.5 7.1 16.1

Fluoride in mg/kg < 1 < 1 < 1 < 1 < I

Chloride in mg/kg 1.4 < 1 2.1 < 1 4.7

Phosphate in mg/kg < 2 < 2 < 2 < 2 < 2

Bromide in mg/kg < 1 < 1 < 1 < 1 < I

Nitrite in mg/kg < 1 < I < I < 1 < 1

TOC in mg/kg < 20 25 < 20 < 20 < 20

Beta in pCi/g 16.8 18.0 17.9 15.8 13.5

Sigma Beta in pCi/g 3.32 3.45 3.43 3.18 2.93

Lo-Alpha in pCi/g 1.73 1.59 1.45 1.71 2.32

Sigma Lo-Alpha in pCi/g 1.78 1.79 1.50 2.01 2.23

Methylene Chloride in pg/kg < 59 < 67 - -

Chloroform in pg/kg < 3.4 < 3.9 < 7.6 13 < 3.4

Carbon Tetrachloride in pg/kg < 0.2 < 0.2 0.20 12 < 0.08

Trichloroethene in pg/kg < 1.0 < 1.2 < 2.3 8.8 < 1.1

Tetrachloroethene in pg/kg - - < 2.7 4.4 < 1.2

Tb2 1 su Z We s( 1 f 2 9

Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 1 of 8)
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 2 of 8)

Well 299-W7-9

Depth in Meters (Feet)

Chemical 12.2 (40) 31.1 (102) 56.1 (184) 67.1 (220) 73.2 (240)

1,1,1-Trichloroethane in pg/kg < 2.1 < 2.5 < 4.6 23 < 2.1
Benzene in pg/kg < 4.5 < 5.2 -

Toluene in pg/kg < 10 < 12 < 18 200 < 8.0
1,2-Dichloroethane in pg/kg

Ethylbenzene in pg/kg

1,1-Dichloroethene in pg/kg

trans-1, 2-Dichloroethene in pg/kg

cis-1, 2-Dichloroethene in pg/kg

Chlorobenzene in pg/kg

m- and p-Xylene in pg/kg < 20 76 < 9.0
o-Xylene in pg/kg < 13 35 < 5.7

Bromodichloromethane in pg/kg

1,1,2-Trichloroethane in pg/kg

Fluoromethane in pg/kg - - - ~3500 ND

'73

0

0
0

LA
00
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Table A-7. Chemical Analysis Results of Z Plant Well Sail Samples. (Sheet 3 of 8)

Well 299-W7-10

Depth in Meters (Feet)

Chemical 18.3 (60) 24.4 (80) 45.8 (150) 61.0 (200) 67.1 (220) 73.2 (240)

Nitrate in mg/kg - - -

Sulfate in mg/kg

Fluoride in mg/kg

Chloride in mg/kg

Phosphate in mg/kg

Bromide in mg/kg

Nitrite in mg/kg

TOC in mg/kg - -

Beta in pCi/g 21.3 22.1 18.0 17.7 18.2 17.1

Sigma Beta in pCi/g 3.90 3.90 3.50 3.38 3.61 3.36

Lo-Alpha in pCi/g 7.19 8.00 1.59 2.88 3.10 3.64

Sigma Lo-Alpha in pCi/g 3.01 3.09 1.71 2.08 2.39 2.16

Methylene Chloride in pg/kg - - - - -

Chloroform in pg/kg - < 3 < 5 < 8 < 7 < 8

Carbon Tetrachloride in pg/kg - < 0.1 < 0.2 < 0.3 < 0.3 < 0.3

Trichloroethene in pg/kg - < 1 < 2 < 3 < 3 < 3

Tetrachloroethene in pg/kg - < 0.3 < 0.4 < 0.7 < 0.6 < 0.7

-4
C

U

0
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Well 299-

Chemical 18.3 (60)

1,1,1-Trichloroethane in pg/kg

Benzene in pg/kg

Toluene in pg/kg

1,2-Dichloroethane in pg/kg

Ethylbenzene in pg/kg

1,1-Dichloroethene in pg/kg

trans-1, 2-Dichloroethene in pg/kg

cis-1, 2-Dichloroethene in pg/kg

Chlorobenzene in pg/kg

m- and p-Xylene in pg/kg

o-Xylene in pg/kg

Bromodichloromethane in pg/kg

1,1,2-Trichloroethane in pg/kg

Fluoromethane in pg/kg

W7-10

Depth in Meters (Feet)

24.4 (80) 45.8 (150) 1 61.0 (200) 67.1(220) 73.2 (240)

<1

< 6

< 3

< 6

< 2 9.1

< 9 <14

< 5 17

< 10 < 15

< 3

< 12

< 7

< 14

< 3

< 14

< 8

< 15

tZ

0

00

Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 4 of 8)

0.



Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 5 of 8)

0

Well 299-W15-21

Depth in Meters (Feet)

Chemical 1.8 (6) 36.6 (120) 38.1 (125) 4 27(140) 42.7 (140) 4.5 (159) 67.1(220) 73.2 (240)

Nitrate in mg/kg 13.6 2.1 5.8 13.2 5.7 $* 38.5 < I < I

Sulfate in mg/kg 3.3 10.8 29.9 10.9 5.3 19.6 12.9 7.7

Fluoride in mg/kg < 1 < I < 1.0 < 1 < 1 < 1 1.1 < I

Chloride in mg/kg 2.0 2.3 8.6 < 1 < 1 1.2 2.6 1.4

Phosphate in mg/kg < 2 < 2 < 2.0 < 2 < 2 < 2 < 2 < 2

Bromide in mg/kg < 1 < 1 < 1.0 < 1 < 1 < 1 < 1 < I

Nitrite in mg/kg < 1 < I < 1.0 < 1 < 1 < 1 < 1 < 1

TOC in mg/kg < 20 < 20 < 20 < 20 - < 20 < 20 < 20

Beta in pCi/g 20.1 24.3 22.9 23.7 - 12.4 16.3 15.9

Sigma Beta in pCi/g 3.68 4.12 3.98 4.06 - 2.77 3.27 3.20

Lo-Alpha in pCi/g 4.62 6.39 3.00 4.51 - 5.46 12.2 4.43

Sigma Lo-Alpha in pCi/g 2.41 2.72 1.94 2.36 - 2.68 3.78 2.29

Methylene Chloride in pg/kg - - - - - - 1051 < 26

Chloroform in pg/kg - < 1.3 < 1.1 < 1.2 - < 1.8 129 31

Carbon Tetrachloride in pg/kg - 0.31 0.14 0.12 - 2.8 6.2 < 0.1

Trichloroethene in pg/kg - < 0.66 < 0.53 < 0.59 - < 0.90 4.2 < 0.5

Tetrachloroethene in pg/kg - < 1.9 < 1.5 < 1.7 - < 2.6 - -

0
0

00

tb
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 6 of 8)

Well 299-W15-21

Depth in Meters (Feet)

Chemical 1.8 (6) i 36.6 (120) 1 38.1 (125) 1 42.7 (140) 42.7 (140) I 485 (159)

1,1,1-Trichloroethane in pg/kg

Benzene in pg/kg

Toluene in pg/kg

1,2-Dichloroethane in pg/kg

Ethylbenzene in pg/kg

1,1-Dichloroethene in pg/kg

trans-1, 2-Dichloroethene in
pig/kg

cis-1, 2-Dichloroethene in pg/kg

Chlorobenzene in pg/kg

m- and p-Xylene in pg/kg

o-Xylene in pg/kg

Bromodichloromethane in pg/kg

1,1,2-Trichloroethane in pg/kg

Fluoromethane in pg/kg

67 1 (92)1 732 fAI.' _ _ _ .--- - j ._ _

Tt--.II. 1 I

200 2<.0

- - - ~ 26

- - - ~3

<1.0

-- ~ 300

---

--

-

-- < 0.005

I _______ I _______ I ______________ '. _______ I _______ I _______

0

.-

U
0

00

-

-

732 (240

10 < 1.0

--- 1 - - t - I - I -

200

64 < 4.5

-

-

67 1 (220
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Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 7 of 8)

0

Well 299-W15-23

Depth in Meters (Feet)

Chemical 18.3(60) 47.3(155) 48.8 (160) 61.0 (200) 67.1 (220) 70.2 (230)

Nitrate in mg/kg

Sulfate in mg/kg - - - - - -

Fluoride in mg/kg - - - - - -

Chloride in mg/kg - - - - - -

Phosphate in mg/kg --

Bromide in mg/kg - -

Nitrite in mg/kg -.

TOC in mg/kg - -

Beta in pCi/g 16.7 28.8 17.0 23.1 16.8 18.5

Sigma Beta in pCi/g 3.29 4.65 3.39 4.06 3.41 3.57

Lo-Alpha in pCi/g 2.13 10.1 8.24 1.97 3.45 1.18

Sigma Lo-Alpha in pCi/g 1.91 3.58 3.00 1.81 2.29 1.57

Methylene Chloride in pg/kg - - - - -

Chloroform in pg/kg < 3 2 - < 2 2.4 8.8

Carbon Tetrachloride in pg/kg 0.2 0.5 - < 0.1 3.8 < 0.1

Trichloroethene in pg/kg < < 2 - < 1 < 1 < 1

Tetrachloroethene in pg/kg 0.5 1.8 - < 0.2 < 0.2 < 1.3

-J
'N

U
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00
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Depth in Meters (Feet)
Chemical 18.3 (60) 47.3 (155) 48.8 (160) 61.0 (200) 67.1 (220) 70.2 (230)

1,1,1-Trichloroethane in pg/kg 1.1 2 -- < 1 < 1
Benzene in pg/kg 200 < 2.0 - -

Toluene in pg/kg 75 - 107 - < 4 < 3 < 5
1,2-Dichloroethane in pg/kg

Ethylbenzene in pg/kg

1,1-Dichloroethene in pg/kg

trans-1, 2-Dichloroethene in pg/kg

cis-1, 2-Dichloroethene in pg/kg

Chlorobenzene in pg/kg

'm- and p-Xylene in pg/kg < 3 < - < 2 < 2 < 3
o-Xylene in pg/kg < 5 < 9 < 4 < 3 < 5

Bromodichloromethane in pg/kg

1,1,2-Trichloroethane in pg/kg

Fluoromethane in pg/kg

0

LA

Data Source: Barton et al. 1990

9 2 C e2 A s3 1, Z Pn WI 4

Table A-7. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 8 of 8)
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Well 299-W7-7

Depth in Meters (Feet)

Chemical 1.5(5) 6.1(20) 12.2(40) 18.3(60) 24.4(80) 30.5(100) 36.6(120) 42.(140) 48.8(160) 54.8(180) 61.0(200) 67.1(220)

Nitrateinmg/kg 1.6 1.8 4.8 4.5 <1 <1 <1 <1 <1 <I < I <1

Sulfate in mg/kg 24.7 60.7 130 1.1 19.8 28.7 17.3 11.4 18.8 10.2 7.1 8.7

Fluoride in mg/kg < 1 < 1 < 1 < 1 2.1 2.6 1.3 1.1 1.4 1.0 1.1 1.1

Chloride in mg/kg 1.6 1.1 1.9 1.5 3.3 2.5 2.1 3.0 2.9 3.1 3.4 2.9

Phosphate in mg/kg < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 <2 < 2 < 2

Bromide in mg/kg <1 < I < I < I < 1 < 1 <I <I <I <I < <

Nitrite in mg/kg < 1 < 1 < 1 <1 < 1 <1 < Ii <1 I < II

TOC in mg/kg < 20 < 20 < 20 < 20 85 < 20 < 20 < 20 < 20 < 20 < 20 < 20

Beta in pCi/g 12.6 14.1 17.4 18.9 15.3 15.3 18.0 14.1 14.7 12.2 13.5 13.1

Sigma Beta in pC/g 2.81 3.00 3.39 3.56 3.14 3.15 3.46 2.97 3.04 2.77 2.92 2.39

Lo-Alpha in pCi/g 2.47 3.54 4.70 2.55 3.68 3.53 2.28 1.64 0.171 1.20 2.31 3.33

Sigma Lo-Alpha in pCi/g 1.31 2.55 2.69 1.73 2.05 2.33 1.77 1.92 1.79 1.67 1.94 2.38

Chloroform in pg/kg < 11 - - - - < 0.6 < 0.7 - < 11 < 5.7 - < 5.6

Carbon tetrachloride in 6.5 - - - - < 0.01 < 0.02 - 0.53 < 0.13 - < .75
pg/kg

Trichloroethene in pg/kg < 3.3 - - - - <0.2 < 0.3 - < 3.4 < 1.8 < 1.7

Tetrachloroethene in pg/kg < 3.8 - - - - < 0.3 < 0.3 - < 3.9 < 2.0 - < 2.0

1,1,1-Trichloroethane in < 6.5 - - - - < 0.4 < 0.5 - < 6.8 < 3.5 - < 3.4
pg/kg

Benzene inpg/kg 47 - - - - < 1.6 18 - 39 < 14 41

9 A-8 C A 2 ResOPts 1I , a 7

Table A-S. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 1 of 10)
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 2 of 10)

0

Well 299-W7-7

Depth in Meters (Feet)
Chemical 1.5(5) 6.1(20) 12.2(40) 18.3(60) 24.4(80) 30.5(100) 36.6(120) 42.7(140) 48.8(160) 54.8(180) 61.0(200) 67.1(220)

Toluene in pg/kg < 49 - - - ND ND - < 50 40 - 72

1,2-Dichloroethane in pg/kg -

Ethylbenzene in pg/kg

1,1-Dichloroethene in pg/kg

trans-1,2-Dichloroethene in

cis-1,2-Dichloroethene in
ug/kg

Chlorobenzene in pg/kg - _

rn- and p-Xylene inpg/kg 40 - - - - <1.8 < 1.8 < 30 < 15 - < 15
o-Xylene in pg/kg 20 - - - - < 1.1 < 1.2 < 19 < 9.7 - < 9.5
Trichlorouoromethane in ND - - - ND ND - - ~ 1,600 - 90 -- 150I g/kgL

0
0eiV

00

00
a.
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Well 299.W7-8

Depth in M.tr (Fee)

Chemical 63(20.5) 9.(30S) 125(41) 614(48) 15.3(50) 168(32) 9 23.8(78) 27.3(90) 33.6(110) 39.7(130) 401190) .(210) 7.2(2)

Nirainm#g 6 7.1 14.3 25.4 167 29.9 11.7 5.4 3.8 1

Sulfate in mgg 5.2 7.7 41.6 27.6 32.2 24.8 9.3 14 5.1 4.8 3.8 5.1 12.5 9.2 69 4.9

Fluoride in mgg <1 < I <I <I <I < I < 1 C I1 < II <l <1 <I <I

Chloride in g&g < 1 ci 3.2 2S.3 c9.6 19.7 5.8 < I < < 1 < 1 2.5 1.6 18 1.8 1.9

Phophae in MgEg < 2 2 <2 <2 < 2 < 2 < 2 < 2 < 2 2 2 <2 < 2 < 2 < 2 < 2

Bromidc in g&g <1 <1 <I I < I < I < I <i <1 <I <1 < I

Nirite in S&g < I < 1 < I I < I < I <1 <I < I <

TOCinmgfg <20 30 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20

Beta in pCVg 16.6 29.1 146 19.9 14.2 17.9 19.0 19.9 15.1 13.7 166 18.3 11.8 17.0 144 16.4

Sigma Beta in pCVg 3,28 465 3.03 3.69 3.02 3.41 155 3.62 3.10 2.96 3.27 3.47 2.75 3.32 3.04 3.27

L-Alpha in pCg -L52 2.80 1.97 407 3.52 3.16 3.87 2.53 3.42 3.16 5.61 1.73 1.86 4.17 407 273

Sigma Lo.Alpha in pC[/g 0.901 202 2.13 214 2.36 2.75 202 2.00 223 245 253 182 198 2.63 2.16 2.45

Chlorfom in pg/kg < 2.3 < 3. < 2.3 < 3.2 < 34 4.5 < 3.5 < 3.2 <2.5 < 2.9 <2.6 <22 <3.4 <5.1 <3.3 < 4.0
Carbon cerachloride in < 0.5 < 0.08 < 0.5 < 0.07 0.09 a<07 <07 <0.06 0.006<0M <0.05 < 0.07 < 0.11 0.30 0.36

Tichloroeene in pgg < 0.7 < 1.1 < 0.7 < o < L1 < 1.4 < 1.1 < 1.0 < 0.8 < 0.9 <0 8 < 0.7 < 1.1 <1 L6 a9 < 1.2
TcrachloreiLhene in < 0.8 < L2 < 08 < LI < 1.2 < 1.6 < L2 < 1.1 < 9 < o < 0.9 <0.8 < L2 < 1s < L2 < 1A

.1l.-Trichtocoerhane in < 1.4 2.1 < 1.4 < 1.9 25 3.2 2.5 < 1.9 1.8 < 1.8 1.8 < 13 < 2.1 < 3.1 10 3.0

Be.zee in petg - -...

Tluene in pgg < 5.4 <3 5.5 < 7.6 165 212 169 <76 126 <7.1 123 < 5.1 < &I < 12 376 514

12-Dichloroeeane in -

EtyWlbenzene in ,g&g ...

w

h A Rs 1 W i

Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 3 of 10)
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 4 of 10)

WeU 299-W7-8

_ _ _ _ _9 .3 X5_1 1 5 ( 1)_4 ._ _8 ) D e p th in M te ( F e e r )

i0: .5) 9 I5 F1W 55(_I 1&962)1s)153( ) 198( )(78) 27.3(9D) J 33.6(110) 1 39.7(130) 45.8(150) 51.9(170) 5 0(1 ) 64.1(210) 70.2(230)

I I I I - I II I1DichIoroedbene in

traits- ,2.Dlch lorne thene
inpg/kg

cis-1,2.Dihloroethene in

Chlorobenene in pgg

m and p-Xylene inpg

o.Xylene in pg/g

Ticglorofluoromeehanc

7.0

S4.4

26

67
18

<9.4

<5.9

<42 <66

< 3.9 <SA

<9.3

<5.8

<12

< 7.7,

<94 <&6

<5.9 < 5.4

<68 <7.9

<4.3 <5.0

0

00

U
0

00

- < 11
< &8

* 9.2

* 5.8

<14
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 5 of 10)

Well 299-W18-26

Depth in Meters (Feet)

Chemical 12.2 (40-) 40.7 (130) 54.9 (180**) 67.1 (220) j 3.2 (240)

Nitrate in mg/kg 2.2 2.1 11.7 <I <I

Sulfate in mg/kg 7.0 3.7 8.2 24.3 7.6
Fluoride in mg/kg <I <I <1 < I<

Chloride in mg/kg 4.9 < 1 1.2 4.9 2.8

Phosphate in mg/kg < 2 < 2 <2 < 2 < 2

Bromide in mg/kgI < I <I <I <I

Nitrite in mg/kg <I <1 <1 <I <1

TOC in mg/kg < 20 < 20 < 20 < 20 < 20

Beta in pCi/g 14.8 21.7 24.9 18.7 14.4

Sigma Beta in pCi/g 3.06 3.84 4.20 3.53 3.02

Lo-Alpha in pCi/g 3.25 6.24 3.32 2.06 5.16

Sigma Lo-Alpha in pCi/g 2.52 2.56 2.26 2.24 2.77

Chloroform in pg/kg - < 1.8 91 7.9 71

Carbon Tetrachioride in pg/kg - 0.12 2.3 2.6 4.3

Trichloroethene in pg/kg - < 0.90 3.3 < 0.2 < 2.3

Tetrachloroethene in pg/kg - < 2.3 -

1,1,1-Trichloroethane in pg/kg 4.8 < 0.4 5.7

Benzene in pg/kg - -125 < 0.7 88

Toluene in pg/kg - 161 23 3.9

1,2-Dichloroethane in pg/kg -- 31 - -

.3
00
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 6 of 10)

0

Well 299-W18-26

Depth in Meters (Feet)

Chemical 12.2 (40-) 40.7 (130) 54.9 (180--) 67.1 (220) 73.2 (240)

Ethylbenzene in pg/kg

1,1-Dichloroethene in gg/kg - - -21 - 55

trans-1,2-Dichloroethene in pg/kg -24 -

cis-1,2-Dichloroethene in pg/kg -.. ~34 -

Chlorobenzene in pg/kg

rn- and p-Xylene in pg/kg

o-Xylene in pg/kg

Trichlorofluoromethane in pg/kg
00

U
0

w
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Well 299-W15-19

Depth in Meters (Feet)

Chemical 12.2 (40) 24.4 (80) 36.6 (120) 67.1 (220) 73.2 (240)

Nitrate in mg/kg 1.2 < 1 2.1 < 1 < 1

Sulfate in mg/kg 2.8 22.3 10.8 7.7 44.5

Fluoride in mg/kg < 1 < 1 < 1 < 1 1.2

Chloride in mg/kg 1.2 1.6 2.3 1.4 22

Phosphate in mg/kg < 2 < 2 < 2 < 2 < 2

Bromide in mg/kg <I < <1 <1

Nitrite in mg/kg < II <I <I <1

TOC in mg/kg < 20 < 20 < 20 < 20 < 20

Beta in pCi/g 16.2 22.7 17.9 16.9 27.7

Sigma Beta in pCi/g 3.22 3.95 3.41 3.30 4.49

Lo-Alpha in pCi/g 1.20 6.67 3.48 2.30 5.12

Sigma Lo-Alpha in pCi/g 1.67 2.67 2.61 2.13 2.69

Chloroform in pg/kg 2.6 4.1 2.8 16 168

Carbon Tetrachloride in pg/kg 0.55 1.4 0.56 5.8 8.1

Trichioroethene in pg/kg 3.0 4.4 1.7 < 0.14 0.37

Tetrachioroethene in pg/kg 2.1 3.4 1.3 < 0.39 < 0.21

1,1,1-Trichloroethane in pg/kg - -

Benzene in pg/kg

Toluene in pg/kg

1,2-Dichloroethane in pg/kg

9 2 I 2 0 @ 3 1 5 3 3

Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 7 of 10)
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Well 299-W15-19

Depth in Meters (Feet)

Chemical 12.2 (40) 24.4 (80) 36.6 (120) 67.1 (220) 73.2 (240)

Ethylbenzene in pg/kg

1,1-Dichloroethene in pg/kg

trans-1,2-Dichloroethene in pg/kg

cis-l,2-Dichloroethene in pg/kg

Chlorobenzene in pg/kg

rn- and p-Xylene in pg/kg

o-Xylene in pg/kg

Trichlomfluoromethane in pg/kg

Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 8 of 10)
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Well 299-W15-20

Depth in Meters (Feet)

Chemicals 6.154.9 (180) 67.1 (220) 73.2(240)

Nitrate in mg/kg < I < I 6 j < (240)

Sulfate in mg/kg 2.7 25.7 12.1 16.3 7.0

Fluoride in mg/kg < i < 1 1.4 3.2 <1

Chloride in mg/kg < 1 13.2 1.6 2.4 1.2

Phosphate in mg/kg < 2 < 2 < 2 < 2 < 2

Bromide in mg/kg < I <1 < < <1

Nitrite in mg/kg <i < I< < II

TOC in mg/kg < 20 < 20 < 20 < 20 < 20

Beta in pCi/g 13.1 25.1 15.6 13.5 18.7

Sigma Beta in pCi/g 2.89 4.24 3.19 2.92 3.56

Lo-Alpha in pCi/g 8.36 12.5 12.0 10.4 15.4

Sigma Lo-Alpha in pCi/g 2.94 3.58 3.81 3.45 4.33

Chloroform in pg/kg < 10 < 0.9 187 13 7.5

Carbon Tetrachloride in pg/kg < 0.4 3.2 9.5 0.3 < 0.5

Trichloroethene in pg/kg < 3.0 < 0.3 7.6 < 0.3 < 0.3

Tetrachloroethene in pg/kg - - 1.6 - -

1,1,1-Trichloroethane in pg/kg < 6.4 < 0.6 18 < 0.5 < 0.5

Benzene in pg/kg < 13 < 1.2 - 380 14 1.1

Toluene in pg/kg < 29 < 2.6 123 < 2.3 <24

1,2-Dichloroethane in pg/kg - - - 36 -

Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 9 of 10)
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Table A-8. Chemical Analysis Results of Z Plant Well Soil Samples. (Sheet 10 of 10)

Well 299-WI5-20

Depth in Meters (Feet)

Chemicals 6.1 (20) 24.4 (80) 54.9 (180) 67.1 (220) 73.2 (240)

Ethylbenzene in pg/kg

1,1-Dichloroethene in pg/kg 
- 457 47

trans-1,2-Dichloroethene in pg/kg 440 47

cis-1,2-Dichloroethene in pg/kg 78 _

Chlorobenzene in pg/kg - 10 - 2

m- and p-Xylene in pg/kg

o-Xylene in pg/kg

Trichlorofluoromethane in pg/kg

Methanol evaporated or leaked from container during transport to analytical laboratory (voltaile organics analyses).
* Volatile organic analysis values compromised, low volume of methanol caused by evaporation or absorption into large amount of soil gas.

Data Source: Goodwin and Bjornstad 1990
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 1 of 12)

Waste Management Unit Well Number Relative Location Remarks

Plants, Buildings, and Storage Areas

232-Z Incinerator No monitoring wells.

Tanks and Vaults

21-Z-8 Settling Tank No monitoring wells.

241-Z-361 Settling Tank No monitoring wells.

241-Z Treatment Tank No monitoring wells.

Cribsand Drains -

216-Z-IA Tile Field 299-W18-6 West of tile field. Natural gamma response.

299-W18-7 East of tile field. Natural gamma response.

299-W18-56 Northwest portion of tile Elevated gamma response between depths of 10 and 22 m.
field.

299-W18-57 Northeast portion of tile Elevated gamma response between depths of 5 and 19 m.
field.

299-W18-58 Southwest portion of tile Elevated gamma response between depths of 12 and 25 m.
field.

299-W18-59 Southeast portion of tile Natural gamma response.
field.

299-WIS-66 South portion of tile field. Elevated gamma response between depths of 5 and 29 m.

299-W18-76 North portion of tile field. Natural gamma response.

299-W18-77 North portion of tile field. Not logged.

299-W18-78 North portion of tile field. Natural gamma response.

299-W18-79 North portion of tile field. Not logged.

40
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 2 of 12)

Waste Management Unit Well Number
Relative Locations

299-W18-80

299-Wi8-81

299-W18-85

299-WI8-86

299-W18-87

299-W18-89

299-W18-149

299-W18-150

299-WI8-158

299-W18-159

299-W18-163

299-W18-164

299-WI8-165

299-WI8-166

299-W18167

299-W18-168

0

'-

North portion of tile field.

North portion of tile field.

Southwest of tile field.

Southwest of tile field.

South of tile field.

West of tile field.

Northern portion of tile
field.

Southern portion of tile
field.

Northwestern portion of tile
field.

Central portion of tile field.

Northeast portion of tile
field.

South central part of tile
field.

Southwest portion of tile
field.

Southwest portion of tile
field.

Eastern portion of tile field.

Southeast edge of tile field.

Not logged.

Elevated gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Not logged.

Elevated gamma response between depths of 2 and 24 m.

Elevated gamma response between depths of 15 and 18 m.

Elevated gamma response between depths of 2 and 20 m.

Elevated gamma response between depths of 12 and 14 m.

Elevated gamma response between depths of 23 and 30 m.

Elevated gamma response between depths of 28 and 29 m.

Elevated gamma response between depths of 25 and 30 m.

Elevated gamma response between depths of 15 and 18 m.

Elevated gamma response between depths of 13 and 19 m.

U
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Waste Management Unit Well Number Relative Location Remarks

299-W18-169 Southeast portion of tile Natural gamma response.
field.

299-W18-170 South central portion of tile Elevated gamma response between depths of 0 and 8 in.
field.

299-W18-171 South of tile field. Natural gamma response.

299-W18-173 Northern portion of tile Elevated gamma response between depths of 2 and 5 in, and 8
field. and 11 m.

299-WI8-174 Northern portion of tile Elevated gamma response between depths of 2 and 7 m, and 9
field. and 12 m.

299-W18-175 Southern portion of tile Elevated gamma response between depths of 1 and 20 m, and at
field. depths of 23 and 29 m.

216-Z-1 Crib 299-W18-64 'Southwest corner of crib. Elevated gamma response.

299-W18-65 Southeast corner of crib. Elevated gamma response between depths of 7 and 20 m.

216-Z-2 Crib 299-W18-60 Northwest corner of crib. Natural gamma response?"'

299-W18-61 Northeast corner of crib. Elevated gamma response between depths of 7 and 21 m.

299-WI8-62 Southwest corner of crib. Natural gamma response.

299-W18.63 Southeast corner of crib. Elevated gamma response between depths of 7 and 17 m.

299-WI8-172 North of crib. Natural gamma response.

216-Z-3 Crib 299-WI8-67 Northeast part of crib. Not logged.

299-W18-68 Central part of crib. Not logged.

299-W18-88 Southeast of crib. Natural gamma response.

9 S m 1 ,f G Lgi 9

Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 3 of 12)
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216-Z-5 Crib 299-W15-1 East edge of crib. Elevated gamma response between depths of 30 and 40 m
(above the water table), and from 50 to 63 m (below the
water table).

299-W15-52 East of crib. Not logged.

299-W15-53 South of crib. Not logged.

299-W15-54 West of crib. Not logged.

299-W15-55 South side of crib. Not logged.

299-W15-56 Southwest side of crib. Not logged.

299-W15-57 Southern portion of crib. Not logged.

299-W15-58 West of crib. Not logged.

299-W15-212 100 m north of crib. Elevated gamma response between depths of 8 and 23 m.

216-Z-6 Crib

216-Z-7 Crib

no monitoring wells

299-W15-7

299-W15-62

299-W15-63

299-W15-76

299-W15-77

299-W15-78

Southwest corner of crib.

North of crib.

North of center of crib.

Southwest of crib.

South of crib.

Elevated gamma response between depths of 7 and 40 m (above
the water table), and from 45 to 100 m (below the water table).

Elevated gamma response between depths of 30 and 46 m.

Elevated gamma response between depths of 26 and 43 m.
Elevated gamma response between depths of 13 and 23 m.

Elevated gamma response between depths of 12 and 21 m.

ter of crib. Elevated gamma response between depths of 12 and 21 m.
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 4 of 12)

Waste Management Unit Well Number
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 5 of 12)

Waste Management Unit Well Number Relative Location Remarks

216-Z-8 French Drain 299-W15-202 <5 m southeast of french Not logged
drain.

299-W15-213 <5 to northeast of french Not logged
drain.

299-W15-214 <5 to northwest of french Not logged
drain.

299-W15-215 <5 m southwest of french Not logged
drain.

216-Z-12 Crib 299-W18-2 Southwest of crib. Natural gamma response.

299-W18-4 40 to west of crib. Natural gamma response.

299-W18-5 North end of west side of Elevated gamma response between depths of 5 and 10 m.
crib.

299-W18-8 Northwest part of crib. Elevated gamma response between depths of 5 and 10 m.

299-W18-13 Northwest side of crib. Not logged.

299-W18-14 North central part of crib. Not logged.

299-W18-24 8 t south of crib. Natural gamma response.

299-W18-69 North central side of crib. Elevated gamma response between depths of 5 and 10 m.

299-W18-70 Northwest part of crib. Not logged.

299-W18-71 North central part of crib. Elevated gamma response between depths of 5 and 10 m.

299-W18-72 North central part of crib. Elevated gamma response at depth of 6 m.

299-WIS-73 South central part of crib. Natural gamma response.

299-W18-74 South central part of crib. Natural gamma response.

299-W18-75 Northern part of crib. Elevated gamma response between depths of 5 and 9 m.
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Waste Management Unit
1 I

Well Number

299-W18-151

299-W18-152

299-W18-153

299-W18-154

299-W18-155

299-W18-156

299-W18-157

299-W18-162

299-W18-179

299-W18-180

299-W18-181

299-W18-182

299-W18-183

299-W18-184

299-W18-182

299-W18-185

299-W18-242

299-W18-243

299-W18-244

299-W18-245

marsRelative Location PmrrRe k
North of crib.

Northern end of west side
of crib.

Northern end of east side
of crib.

North of crib.

North of crib.

North of crib.

South of crib.

North central part of crib.

North side of of crib.

Northeast part of crib.

North central part of crib.

Central part of crib.

Southern part of crib.

Northern part of crib.

Northern part of crib.

Northern part of crib.

Central part of crib.

West central part of crib.

East central part of crib.

West central part of crib.

Natural gamma response.

Elevated gamma response between depths of 6 and 9 m.

Elevated gamma response between depths of 6 and 8 in.

Elevated gamma response

Natural gamma response.

Not logged.

Natural gamma response.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not logged.

Not

Not

Not
Notlogged.q. --

between depths of 4 and 6 m.

logged.

logged.

logged.
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 6 of 12)
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 7 of 12)

Waste Management Unit Well Number Relative Location Remarks

216-Z-13 French Drain No monitoring wells.

216-Z-14 French Drain No monitoring wells

216-Z-15 French Drain No monitoring wells

216-Z-16 Crib 299-WIS-10 South of crib. Natural gamma response.

299-W15-11 North of crib. Natural gamma response.

216-Z-18 Crib 299-W18-9 Northern part of crib. Elevated gamma response between depths of 6 and 18 m.

299-Wi8-10 Northeast side of crib. Elevated gamma response between depths of 8 and 17 m.

299-W18-11 Southwest part of crib. Natural gamma response.

299-W18-12 Northwest part of crib. Natural gamma response.

299-W18-82 South of crib. Natural gamma response.

299-W18-83 Natural gamma response.

299-WI8-93 Southeast part of crib. Elevated gamma response between depths of 7 and 17 m.

299-W18-94 South of crib. Elevated gamma response between depths of 9 and 12 m.

299-W18-95 South of crib. Natural gamma response.

299-W18-96 Western part of crib. Elevated gamma response between depths of 8 and 11 m.

299-W18-97 East of crib. Natural gamma response.

299-W18-98 North of crib. Natural gamma response.

299-W18-99 Northeast of crib. Natural gamma response.
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Waste Management Unit Well Number Relative Location Remarks

- -_ _ Reverse Wells

216-Z-10 Reverse Well 299-W15-51 5 m southeast of reverse Not logged.
well.

299-W15-59 7 m east of reverse well. Not logged.

299-W15-60 10 m southeast of reverse Not logged.
well.

299-W15-61 <5 m southwest of reverse Not logged.
well.

Ponds, Ditches, and Trenches

216-Z-4 Trench no monitoring wells

216-Z-9 Trench 299-W15-6 20 to northeast of trench. Elevated gamma response between depths of 1 and 9 m.

299-W15-8 Approximately 15 m south Elevated gamma response between depths of 15 and 38 m.
of trench.

299-W15-9 North of trench. Natural gamma response.

299-W15-82 East of trench. Natural gamma response.

299-W15-84 West of trench. Natural gamma response.

299-W15-85 North of trench. Natural gamma response.

299-W15-86 Southwest of trench. Elevated gamma response between depths of 15 and 38 m.

299-W15-94 North of trench. Natural gamma response.

299-W15-95 North of trench. Natural gamma response.

299-WI5-101 Northeast of trench. Natural gamma response.

216-Z-17 Trench 299-W15-204 West of trench. Not logged.
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Table A-9. Sumnmary of Gamma Scintillation Logging Results. (Sheet 8 of 12)
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 9 of 12)

Waste Management Unit Well Number Relative Location Remarks

Septic Tanks

2607-Z Septic Tank no monitoring wells

2607-Z-1 Septic Tank no monitoring wells

2607-WA Septic Tank no monitoring wells

2607-WB Septic Tank no monitoring wells

2607-W-8 Septic Tank no monitoring wells

Transfer Facilities, Diversion Boxes, and Pipelines

241-Z Diversion Box No. I no monitoring wells

241-Z Diversion Box No. 2 299-W-18-156 Southwest of diversion box. Not logged

231-Z-151 Sump no monitoring wells

Basins

207-Z Retention Basin No monitoring wells.

216-Z-21 Seepage Basin 299-W-15-208 Center of basin. Not logged.

Burial Sites

218-W-1 Burial Ground No monitoring wells.

218-W-2 Burial Ground No monitoring wells.

218-W-2A Burial Ground No monitoring wells.

218-W-3 Burial Ground No monitoring wells
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 10 of 12)

Waste Management Unit I Well Number I Relative Location Remarks

218-W-3A Burial Ground

218-W-3AE Burial Ground

218-W-4A Burial Ground

218-W-4B Burial Ground

299-W7-2

299-W7-3

299-W10-179

299-W6-2

299-W7-4

299-W7-5

299-W7-6

299-W7-7

299-W7-8

299-W7.10

No monitoring wells.

299-WIS-19

299-W15-20

299-W15-23

Northern border of burial
ground.

Northern border of burial
ground.

Southeast of burial ground.

Southwest of burial ground.

Northern border of burial
ground.

Northern border of burial
ground.

Northern border of burial
ground.

Northern border of burial
ground.

Southeast corner of burial
ground.

North side of burial
ground.

Northwest corner of burial
ground.

West side of burial ground.

Natural gamma response.

Natural gamma response.

Not logged

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.

Natural gamma response.
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Table A-9. Summary of Gamma Scinti]]ation Logging Results. (Sheet 11 of 12)

Waste Management Unit Well Number Relative Location Remarks

218-W-4C Burial Ground 299-W15-14 Northwest portion of burial Not logged
ground.

299-W15-15 Northwest corner of burial Natural gamma response.
ground.

299-W15-16 East side of northern Natural gamma response.
portion of burial ground.

299-W15-17 East side of northern Natural gamma response.
portion of burial ground.

299-W15-18 West of northern portion of Possibly elevated gamma response between depths of 55 and 58
burial ground. m.

299-W15-21 West side of burial ground. Natural gamma response. 0

299-W15-24 Northwest portion of burial Natural gamma response.
ground.

299-WI8-3 North central portion of Natural gamma response.
burial ground.

299-WI8-21 Southwest corner of burial Natural gamma response.
ground.

299-W18-22 Southwest corner of burial Natural gamma response.
ground.

299-W18-23 West side of burial ground. Natural gamma response.

299-W18-26 West side of burial ground. Natural gamma response.

299-W18-84 Natural gamma response.

218-W-5 Burial Ground 299-W7-1 North side of burial Natural gamma response.
ground.

299-W7-9 North side of burial Natural gamma response.
ground.
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Waste Management Unit Well Number Relative Location Remarks

299-W8-1 North side of burial Natural gamma response.
ground.

299-W9-1 West side of burial ground. Natural gamma response.

299-W10-13 South side of burial ground. Natural gamma response.

299-W1O-14 South side of burial ground. Natural gamma response.

218-W-6 Burial Ground 299-W6-1 Central portion of burial Probably natural
ground.

218-W-11 Burial Ground 299-W15-2 Northwest side of burial Probably natural gamma response.
ground.

Z Plant Burn Pit No monitoring wells.

Source: Fecht et al. 1977, Chamness et al. 1991.
(1) Well reportedly contaminated with alpha-emitting particles.
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Table A-9. Summary of Gamma Scintillation Logging Results. (Sheet 12 of 12)
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